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PREFACE

’

HYDROGEN ENERGY is a continuing bibliographic summary with
abstracts of research and projections on the subject of
hydrogen as a secondary fuel and as an energy carrier. The
first volume was published in Januaryv, 1974 and is cumula-
tive through December of 1973. Additional copies are avail-
able from the Technology aApplicaticn Center, as are the
quarterly update series for 1974, 1975, 1976, and 1977.

This update to HYDROGEN ENERGY cites additional references
identified during the first guarter of 1978. It is the

first in a 1978 quarterly series intended to provide "current
awareness" to those interested in hydrogen energy.

For the reader's convenience, a series of cross indexes are
included which track directly with those of the cumulative
volume. See "Guide to Use of the Publication.”

A library containing some of the articles and publications
referenced in this update and the cumulative volume has beten
established and the Center will, on a cost-recovery basis,

aid readers to obtain copies of any cited material. Although

a considerable effort has been made to insure that the bibliog-
raphy is complete, readers are encouraged to bring any omissions
to the attention of this Center.

The Technology Application Center is one of six Industrial
Application Centers established by NASA's Technology Utiliza-
tion Program to evaluate and disseminate new technology to
the general public and commercial business.
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GUIDE TO USE OF THIS PUBLICATION

A number of features have been incorporated to help the reader use
this document. They consist of:

-- A TABLE OF CONTENTS listing general categories of subject content
and indexes. More specific coverage by subject title/keyword and
author is available through the appropriate index.

-~ CITATION NUMBERS acssigned to each reference. These numbers, with
the prefix omitted, are used instead of page numbers to identify
references in the various indexes. They are also used as TAC
identifier numbers when dealing with document orders; so please use
the entire (prefix included) citation number when corresponding
with TAC regarding a reference. An open ended numbering system
facilitates easy incorporation of subsequent updates into the organi-
zation of the material. In this system, numbers assigned to new
citations in each category will follow directly the last assigned
numbers in the previous publication. The citation number of the
last reference on each page appears on the upper right-hand corner
of that page to facilitate quick location of a specific term.

-~ A REFERENCE FORMAT containing the TAC citation number, title of
reference, author, corporate affiliation, reference source, contract
or grant number, abstract and keywords. The reference source tells,
to the best of our knowledge, where the reference came from. If
from a periodical, the reference source contains the periodical's
title, volume number, page number and date. If for a report, the
reference source contains the report number assigned by the issuing
agency, number of pages and date. -

-- An INDEX OF AUTHORS alphabetized by author's last name. A reference's
author is followed by the reference's citation number. For multiple
authors, each author is.listed in the index.

-- An INDEX OF PERMUTED TITLES/KEYWORDS affords access through major
words in the title and through an assigned set of keywords for each
citation. A reference's title is followed by the reference's cita-
tion number. In the indexes, all the words pertaining to a refer-
ence are permuted alphabetically. Thus, the citation numbker for a
reference appears as many times as there are major title words or
keywords for that reference. The permuted words run down the center
of an index page. The rest of the title or keywords appear adjacent
to a permuted word. Since a title or set of keywords is allcwed
only one line per permuted word the beginning, the end, or both
ends of a title or set of keywords may be cut off; or, if space
permits, it will be continued at the opposite side of the page until
it runs back into itself. A # indicates the end of a title or set
of keywords while a / indicates where a title or set of keywords
has been cut off within a line.
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I.  GENERAL: CONCEPTS, CONFERENCES, SURVEYS, REVIEWS

378 19001 CNITED STATES TRANSPORTATICN FUEL ECONCMICS (1975-1995)

Alexander, A.D., III, (NASA, Moffett Field, CA), Apr 1975, EDB-77:139867, N75-21154
Avail:NTIs

This report describes and evaluates United States *ranspcrtation fuel econcmics
in terms of Zuel resources options, processing alternatives, and attendant economics
for the period 1975 to 1995. The U.S. energy resource base is reviewed, portable
fuel~processing alternatives are assessed, and selected future aircraft fuel options
(JP fuel, llquld rethane, and liguid hydrogen) are evaluated economlcal;y The primary
emphasis of this study is placed on evaluating future aircraft Zuel options and eccnomics
to provide guidance Zor future strategy of NASA in the development of aviation and air
transportation rasearch and technology.

*

(BIOMASS, COST, OIL SEALES)

H78 10002 ROLE OF THE TECHNICAL SERVICE CONTRACTING INDUSTRY IN THE ENERGY PROGRAM

Armstrong, W.C., (Morthrop Services, Iac., Ananeim, CA), Western Periocdicals Company,
North Eollywced, CA, 1976, EDB=-77:13973

The technical service contracting industry is comprised of companies, usually
attached to and derivative from aerospace and related industry. In testimony befcre
Congress it has been estimated that con*racts held bv this industry exceed $3.5 billica
per year. The purpcse of these contracts is to provide scientific, technical, and
technically related services, usually to federal agencies. Since the industrzy's
inception, technical service contractors have primarily been supporting the National
Aercnautics and Space Administraticn and the Department of Defense at or near their
various facilicies. Provided support has included such services as military rance
operation, computational support, technical and management assistance, and ope:ation
of research facilities. More recently, tachnical TOrt conctracts have been awarde
to provide suprort to other agencies such as the Denart.ent of Transportation and the
Environmental Protection Agency and in the last several years supgort has been provided
to the Znergy Research ané Development Administratica, and to other governmental oifices
invoived in the National Energy Program. Based on projections for necessary technical
suppcrt, an aggressive energy program to develop and demonstrate altarnative energy
sources could make extensive use of the Technical Services Industry mandatorv. This
paper described tyoical roles that have bean or are now teing performed by the Industry.
These include descriptions of support in the following areas: testing of solar -
collectors, intsgration ané analytical support of sclar heating and cooling programs,
development of modular integrated utility systems, svaluation of hydrogen and other .
advanced energy svstems, collection of climatic data, local government energy conservation
and resource manacgement programs, enercy-'elated invention aralysis, program management/
technical administrative services, and potential future suppor* of federally sponsored
demenstration proiects.

(BUDGETS, DATA COMPILATION, EDUCATION)

H78 10003 RESEARCH AND DEVELOPMENT IN THE INTERNATICNAL ENERGY AGENCY

De Sruine, R.F., Energiespectrum, Netherlands, V 1:39-46, N2, Feb 1377, In Dutch

Formed in 1973, the Agency and its main functicns are to investigate coal tschnology,
solar energy, thermonuclear Zusion, waste heat utilization, reacitons using grocess heat,
hydrogen production, wind power, geo-thermal energy, ocean thermal gradients and other
possible sourzes of 2nergy. A list is given of the special responsibilities of th
various member countries, and cf the general co-ordination. A consicderable amount of
basic research is in progress on all the above subjects.

(ENERGY RESOURCES, MANAGEMENT)

378 10024 ZYDROGEN ZCCNOMY: & PRELIMINARY TECHNOLCGY ASSESSMENT. ZXECUTIVE SUMMARY
Dickson, T.M., Rvan, J.W., Smulvyan, M.Z., (Stanford Research Institute, Menlo Park,
CA), NSF/RA-760742, JNSF-ZPR73-32706, 15 p., ?B-268463/5, N77-35011

Mo abstract available

(FUELS, PRODUCTICN, POLICY)

72 100053 HYDRCGEYN ZCONOMY STILL A LONG WaY OFF

Gamester, 3., EZlectr. Pev., Great Br:-a‘ﬁ, v :16-17, N7, Feb 13, 1977
The aushor a2xamines the zotantial of '1 *cceq is a secondary enercy carrier and
Z“iscusses the %echnolcgias available Icor ics mass procducticn.

(SECCZUDARY EINE2GY CARRIIR) 1
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E78 10006 TECANICAL DESIGN AND ZCONOMIC VIABILITY OF LARGE-SCALE SOLAR-CELL/
HYDROGEN~FUEL ZMNERGY S5YSTEMS. A RESEARCH PRCPCSAL

Gresley, R.5., (Mitre Corp., McLean, va), 120 p., N77-704838
No akstract available

(MANAGEMENT)

H78 10007 PRESENT STATUS OF RESEARCH AND DEVELOPMENT OF HYDROGEN ENERGY IN THE
SUNSHINE PROJECT

Kameda, Y., (Agency Ind. Sci. Technol., Tokyo, Japan), Sekiyu Gakkai Shi, Vv 19:775-779,
N9, 1976, In Jaganase
No abstract available

(REVIEW)

E78 10008 HYDROGEN - A POTENTIAL ENERGY CARRIZR OF THE FUTURE

Keller, C., (Xarlsruhe, Germany), Chem.,-Ztg., ¥V 101:223-240, NS, 1977, In German
No abstract available

(REVIEW, ECONOMY)

H78 10009 THE HYDROGEN ECONOMY AND THE CHEMIST

Marchetti, C., (Inst. Appl. Svst. anal., Schloss Laxenburg, Austria), Chem. Br.,
Vv 13:219-222, N6, 1977
No abstract available

(REVIEW, ENERGY)

K78 l001l0 SYNTHETIC FUELS PRCCESSING: COMPARATIVE ECONOMICS

Pelofsky, A.H., ed., (Cities Serv. Res. and Dev. Co., Energy Res. Lab., Cranbury, NJ),
Comp Econ for Synfuels Process, Svme., Pap, at Am Chem Soc., Div of Ind and Eng Chem
%gg%, New York, NY, apr 4-9,. 1976, Publ by Marcel Dekker, Inc., New York, NY, 473 p.p
/

among others the following suajec's are discussed - economic comparison of synthesic
fuels, gasification and liguefacticn; the relative advantages of coal conversion routes
for electric power generaticn; economics of in-situ coal conversion:; flash hydropyrolysis
process for conversion of lignite to liguid and gaseous oroducts; the IGT low=BTU gas
process-design and economics; fuel gas production via Xoppers-Totzek gasification;
economics of ethylene production via ayrolwsxs of coal-based Fi scﬁer-”*o“sch nydro-
carbons; economics of synthetic gas croducticn By the Segas TM process; a comparison
of operaticnal eccnomics of transportation vehicles ooevated cn aasollne and coal-
generated nydrogen. One paper is concerned with the econcmics ol industrial process
heat Srom solar energy; another one with economics of advanced technology of nuclear
electrolyte hydrogen Zuel produczion facility

(COAL LIQUETACTION, CCAL GASIFICATION)

H78 10011 AN ASSESSMENT OF HYDPOGEN AS A MEANS TO STORE SOLAR ENERGY

Ramakumar, R., (Oklahoma State University, Stillwater, OK), In Sharing The Sun: Solar
Technology in the Seventies:; Proceedincs of the Joint Conference, Winnipeg, Carada,
Aug 15-20, 1976, International Solar :ne*qy Scciety, Care Canaveral, 7L, V 8:163-173,
13876, NSF «;?-13—0064/, (A77-48910 22-44), A77-42107

A brief revisw and assessment of :he use ¢f hvdrogen as a means to store solar
enercy is oresented. Zlectrolvtics and non-electrolvtic methods proposed for hydrogen
sroduction from solar energy, aydrcgen storige methcds and utilization technigues are
surveved. Overall systam concepts with several nanilestations of solar energy as inputs
are discussed alcng with their sfiiciencies and economic aspects.

(COST SFFECTIVENESS, ZLECTROLYSIS, TECHIOLOCGY)

473 19012 ENERGY 2TLATED TECHNOLCGICAL DEVELOPMEMN

Walawender, W.P., Fan, L.T., Mattiews, J.C., (lhemical Zngireering, Xansas State Univ.,

Hdannatzan, AS) aor 25, 1376 ~ June 30, 12772, Pxolect * XAN00246 '
This zrodect is dizectaed 2t Zevelogment 9f a continucus prrolvsis 2ilot glant

facilizy fcr =he recovery of useful prciducts Ircm animal wastes. DPrcduce a syntiesis

325 (coxpesed zrimarily of T3, d., 20, and 354; Ircm Zz2edlct Tmanure.

M, MANURES) 5
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H78 10013 AZDROGEN IN THE EZNERGY SYSTEM OF THE NETHERLANDS: A POSSIBILITY FOR
TEE FUTURE

(Mijverheidsorganisatie Tno, aApeldoorn, Metherlands), 3Sept 1975, NP-21220, EDB-77:137279
Avail:NTIS $3.50, U.S. sales only

The consequences of the shifit Zrom fossil to other energy sources o “he extant
that other resources are dominant were investigated. A scenario is presented on the
rate at which, during the transition period, hydrogen can be intrsduced iato the Dutch
economy. Productiocn, storage, transmission and distribution, 2nvironment and safsty,
and utilization in stationary units ané vehicles are considered. It could he concluded
that there are no serious objections in connection with the transiticn to the use of
hydrogen as a fuel.

~ (SAFETY, TRANSPORT, USES)

H78 10014 RESEARCH ON NONFOSSIL FUEL SOURCES

Gas World Gas J., V 181:526-327, 529-531, N4694, Sept 1976, EDB-77:127636

This article reviews the Chicagc Institute of Gas Technology's increasing involvement
in the development of nonfossil energy sources: energy from the sun, wind and ocean,
and the conversion of waste and plant life %o methare and of water to hydrogen. Most
work o rarness nuclear and solar energy is direcred toward the production of 2lectric
power. However, IGT has also been studying hydrocen as an alternative Suel form +that
can be produced from water by the additicn of nuclear, solar or other kinds of energy.

(ELECTROLYSIS, OCEAN THERMAL)

H78 10015 HYDROGEY FUEL: A SYSTEM MADE TO MEASURE

VDI, Ver. Dtsch. Ing., Nachr., V 31:6-7, N1l, Mar 1977, ECB-77:144543, In German

For the time being, hydrogen is the most attractive alternative fuel for zoad
vehicles. The main problem encountered s¢ Iar was the storage of hydrcgen abcard the
venicle. Here, the use of metal hydricdes for storage will ozen up completsly new
possibilities. Combined storage (low-temperature and high-temperature storage) and
its application are discussed. In this way, it will be rossible to achieve a drivin
range of some 400 XM with a much higher efficiency of the whole system. The cost of
hydrogen-powered vehicles is lower than that of electric-powered vehicles. The article
closes with a survey of research programs on the introduction of hydrogen-powered
vehicles in road traffic. -

(COST, EFFICIENCY, FORECASTING) . .

.

H78 10016 RESEARCH AND ZXPLORATORY DEVELOPMENT. QUARTERLY REPORT

(Applieé Physics Lab., Johns Hopkins Cniv., Silver 3pring, MD), NASA-CR-134966,
14 p., N77-35453
Avail:NTIS

No abstract available

(FUEL COMBUSTION, HYDROGEN)

H78 10017 EMERGY DEVELOPMENT III

(Institute of Electrical and Electronics Engineers, Inc., New Yozk), 176 p., 19277,
For individual items see A78-11070 to A73-11(88, A78-11063

Attention is given to the operation of MHD/steam systems, coal-based options for
the generation of electricity, wind generator economics in a load duration contexc,
solid waste utilization for electric power ganeraticn, and the storacge of off-peak
thermal energy in oil., Consideration is also given to avdrogen cycle peak shaving on
the Yew York State grid using Zuel cells, the battery 2nergy storacge test facility,
air storace svstem energy transfer (asset) plants, solar energy and domestic heating
needs in Trance, cower ganeration in Canada, and the energy rplantation as an 2nergy
alternative fuel-source.

(CONTROLLED FUSION, SOLID WASTES)
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il. PRODUCTION

E78 20001 TRENDS IN ZILECTROCHEIMISTRY

Bockris, J.0'M., ed., Rand, D.A.J., ed., Welch, 8.J., ed., (Flinders CUniv. of South
Australia, Bedford Park, Australia), Trends in Zlsctrochem: Australian Electrochem
Conf, 4th, Tlinders Univ. of South Australia, Bedford Park, Feb 16-20, 1975, Publ by
Plenum Press, New Jork, NY, 408 p., 1977

Contained within this volume are twenty~three gplenary lectures and invited papers
that outline those aspects ©f electrcchemistrv which may underlie the future energy
technology. Topics dealing directiy with energy developments include: fuel cell
applicaticns; solar zsnergy: hydrogen producticn;: and sodium-sulfur batteries. A
section covering mineral sulfide electrochemistry is included as well as a secticn on
advances in electrochemical techniques. :

(BATTERIES, HYDROGEN FUELS)

H78 20002 ELECTROCHEMISTRY AND THE HYDROGZIN ECONOMY

Gregory, D.P., (Inst. of Gas Technology, Chicago, TL), Mod. Aspects Zlectrochem.,
7 10:239-288, 27 zefs, 1975, ED2-77:131012

The author explores the present status of the nydrogen-economy concept to acguaint
the electrochemist not only with the direct implications of such a svstem to his field,
put also with the broader issues involved which could have far-reaching ramifications
for the entire energy-conversion £ielé. This work, deals with the whole broad concent
of using hydrogen as a universal fuel, with emphasis placed on those areas in which
electrochemical science and technolaogy are directly relevant.

(GLOBAL ASPECTS, TECHNOLOGY ASSESSMENT)

H78 20003 EXTENDED ABSTRACTS Of THE 3IENNIAL AIR FORCE ELECTROCHEMISTRY CONFERENCE

Hussey, C.L., King, L.A., {Air Force Academy, CO), Ccnf. held in Colorado, 59 p.,
Apr 28-29, 1977, N78-~70381
Avail:NTIS

No abstract available

(ELECTRIC BATTERIZES, CADMIUM BATTERIES)

£78 20004 ELECTROCHEMICAL ZNGINEERING

Nanis, L., Bockris, J.2., Javet, P., (Peansylvania Univ., Philadelphia, PA), Dec 1976,
EDB~-77:146041, N68-21038
Avail:NTIS

Yo abstrac+t available

(MATHEMATICAL MODELS, RESEARCH PRCGRAMS)

378 20005 ON BOARD ZLECTROLYTIC GENERATOR FOR BREATHABLE OXYGEN AND HYDROGEN UNDER 50
BARS

Perrcud, P., Sylvestre-Baron, M., Terrier, G., (Commissariat A L'Energie Atomique,
Grenoble, France), Presented at the Coll. Intern. sur L'Exploit. des Oceans, 3Bordeaux,
France, 9 p., October l-4, 1974, N77-72801, In French, English summary
Avail:NTIS

No abstract available

(DIAPERAGMS -MECHANICS, SUBMARINES)

73 20501 COMVERCTAL APPLICATIONS OF INZRTIAL CJONFINEMENT FUSION

3ooth, L.X., Trank, T.G., (Los aiamos 3Scientific lab., Los Alamos, NM), NTIS 54=-(1S302)73,
35 p., May 1977, (Conmtract: W-7495-ING-36)
Avail:Z2DA, 2.0. 30x 62, Oak Ridge, T

Descrimed in this recort are zhe Sundamentals ¢f inertial-confinement Zusion, scme
lagser-fusion reacesr (_FR) goncegts, and atsendant means of utilizing she thermcnuclear
energy ZIor csn:e*c'al alacezric sower zener -.;vq._.rn 3dd;§ioq. ccher commercial 2nargy-~
r=laved ascliicecions, :ucn as the szdduczoen UI lissionacle Iuels, of synthetic nvdro-
carbon-based fuels, and cof ar”*ess Qeat for a2 wvariety of uses, as well as :the
snvironmencal and safecy aspects oI fusion 2nersy, 2are discussed. Tinally, :the raguire-
ments Sor commercialization of laser fusion ta2chnologies are descriked.

{RYBRIZ ZEXCTORS, 2EVIZWS, SAr=TY)

s
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H78 20502 ASSESSMENT OF VERY HIGH-TEMPERATURE REACTORS IN PROCESS APPLICATIONS

Jones, J.Z., Gambill, W.R., Cooper, R.H., Pox, Z.C., Fuller, L.C., (Oak Ridge National
Lab., TN), p. 114, June 1977, (Contract YNo. W=-7433-INHG-26)

Presentad is a critical review cf the technolocy and economics £or counl*ng a verv
high-temperature cas-ccoled reactor to a variety of crocess apolications. It is con-
cluded that nuclear steam reforming of light hydrocartons for coal conversion could
be a near-tarm alternative and that direct nuclear coal gasification could be a future
consideration. Thermochemical water sglitting appears o be more costly and its
availability Zarther in the future than the coal-conversion systems. Nuclear steelmaking
is competitive with the direct reduction of iron ore from conventional ccal-conversion
processes but not competitive with the re:orn;nq of natural gas at present gas prices.
Nuclear process heat Zor petroleum retfining, sven with the necessary backug systems,
is competitive with fossil energy sources. The processing with nuclear heat of oil
shale and tar sands is of marginal economic importance.

(COAL GASIFICATION, COMMERCIAL ENERGY)

478 21001 CHEMICAL REACTION CYCLES FOR THEZ RECOVERY OF LOW-LEVEL THERMAL ENERGY
Fujii, Shigetaka, Kamevama, Hideo, Yoshida, Kunio, Kunii, Daizc, (Dep. Chen. Eng.,
Cniv. Tckyo, Tokyo, Japan), J. Chem. Zng. Japan, V 10:224-228, N3, 1977

No abstract available
(HEAT PUMP, THERMODYNAMICS)

H78 21002 CHEMICAL AND PROCESS DESIGN STUDIES OF THERMCCHEMICAL CYCLES FOR HYDROGEN
PRODUCTION

Krikorian, 0.%., Pearson, R.X., Otsuki, H.H., Slson, R.E., (California Univ., Livermore,
Lawrence Livermore Lab, CA), 17 »., Apr 13, 1977, (Contract No. W=-7405-ENG~-48)

A modification of the ZnSe thermochemical cycle has been made recently L0 <convart
InCl, directly to ZnO and reduce the amount of 2nS0, that needs to be deccmposed at
high temperatures. The modified cycle shows significant advantages in efficiency and
pProcess design. Exploratory research on the reaction, chlz (1) + hzo (g) implies -
2n0(s) + 2HCL (g), showed the rsaction rzate to be quita rapid; i.e., 53 percent of
equilibrium being attained in 2s at 800°X., Detailed research has also Leen conducted’
at the kinetics and mechanism of deccmpesition of H,Se. A process design and econemic
analvsis of the modified cycle indicates the following: overall thermal efficiengj is
approximately 42 percent, and hydérogen preccduction cost is approximately $13.22/107 X3
in 1976 dollars Sor a plant producing 27,200 XG dﬁ/h. In the CH4 —CH3OH cycle, attamots
thus far to convert I,0H to CHy by reactien with metal oxides and SO, have led to
unacceptably high amounts of 5,0, €05 2nd orzanic compounds as by-products. In future
studies on this cycle, the lower oxides of As, Sb, and V will be explcred as raducing
agents for CH3QH,

{COST, EFFICIENCY, 2INC OXIDES)

273 21903 CONVERSION OF AMMONIA INTO HYDROGEN AND NITROGEN 3Y REACTION WIT3 A
SULFIDED CATALYST

Matthews, C.W., Journal United States, 4 p., Assignee, ERDA, Patent No. 4032618
No abstract available

(WASTEWATER TREATMENT)

H78 21204 RECENT DEVELOPMENTS IN THEZ ZINGINZERING AND CHEMISTRY OF THE InSe
THERMOCHEMICAL HYDROGEN CYCLZ=
(California ®niv., lLawrence Livermore
May 19, 1377, (Contract YNo. W-74035-2NG-48),

Otsuki, ¥.Z., Pearscn, R.X., Zrikorian, C.4.
Ca) .y
7 gy Ccnversicn Zngineering Conisrence,

’

Lab, Liwvermcre, Ca), HTIS 54-(ISS22)73 «, 2 3

(Report No. CONT-7708C4-3 Intersocisty Zner
Washingten, O3C, aug 28, 1977

Improveaments of the inde thermochemical cvecle Zor aydrogen trocuctica are Za

The authors also cresent recent Zindings cn the InCl, Righ t2mperature st2am hydrs

9% liguié InCl, and on <he kinetics of Zecomposizion of 17;e, A praliminarr 3esiaen

23 a zreccess zased =~n =he improved cycle was srerared ©o 2xamine i<s overall therrmal
@fficrency ani <o Zerive hydrcgen sroduction Zo9sts. CJoncertual desicns for several
critical aguisment i-ems ars shcown and their sgecial f2atures siscussad. Overall

thermal efficziency oI the zIycla decends sczrongly on our abpility to recover rszaction

)
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heats and match them with process heat reguirements. Thermal efficiency of the cvcle
is estimatad to ke about 42 percent and estimated cost fecr hydrogen preduction is
about $13/GS.

(COST, EFFICIZNCY, PRODUCTION)

H78 21005 METHOD FOR THE FRODUCTION OF HYDROGEN BY WATZR SPLITTING

Schulten, R., Barner%t, H., German, FRG, Patent 2,363,120,a, July 10, 1975, EDB-77:127063,
In German

In the first process step of a thermochemical cvcle vrocess, stzam and sulphur
dioxide are reacted as a gas mixture in a cerkain volume ratio with an oxide of ocne of
the metals manganese, iron, cobalt, nickel, zinc or cadmium to form a metal sulphate and
to release hydrogen in the temperature region of 200 to 400°C. ©The hydrogen is separated
off according to Xnown metheds. In a sgcond process step, the metal sulphate is heated
up to a temperature region of 790-1,0007C for decompoisiton and formation of meta
oxide, sulphur dioxide and oxygen. The oxygen gas is separated <rom the sulphur dioxide
gas using known methods. The claims deal with the steam-sulphur dioxide volume ratio
(preferably 5:2), the temperature regions derending on the sort of metal, as well as
with the nature of the metal oxide and i:ts carrier.

(CHEMICAL REACTIONS, THERMOCHEMICAL PROCESSES)

278 21501 HYDROGEN PRODUCTION 3Y THERMOCHEMICAL REACTIONS

Hofmann, H., (Univ. of Erlangen-Nuernberg, Erlangen, Germany), Int. Chem. Eng.,
V 17:409-413, N3, 16 rels, July 1977

One energy alternative is the use cf hydrogen generated by thermal splitting of
water by available nuclear or solar energy. In order that this splitiing may be carried
out at temperatures belcw 1000°C a number of cyclic processes have been proposed based
on the ease with which metal halides, for example, change valence. Th2 chemistry,
thermedynamics, ancé kinetics of the most developed of these thermochemical cycles are
reviewed and the difficulties in their technical realization are peinted out.

(SOLAR ENERGY, KINETICS, CYCLZS)

2
P

&

H78 22001 ALLOY CATALYSTS WITH MONOLITH SUPPORTS FOR METHANATION OF CCAL-DERIVED -
GASES: PHASZ TWO. QUARTERLY TECHNICAL PROGRESS REPORT, OCTCBER 23, 1976 -
JANUARY 22, 1377

Bartholomew, C.H., (3righam Young Univ., Provo, UT), 65 3., Feb 6, 1977,
(Contract MNo. EX-76-C-01-1790) ’

Prasented are the accemplishments during the seventh gquarter of investigation of
rew cellet- and monolithic-supported alloy catalysts Zor methanation of ccal svnthesis
gas. Monolithic-supported nickel and nickel-cobalt catalysts were prepvared. Hydrogen
adsorption uptakas were measured Zor several pelleted ané monolithic nickeloand nickel
alicy catalysts. Diffsrenmtial zctivity tests were conducted at 225 and 250 °C,

20.5 psia, and 20,000 2r * for nickel-cobalt and nickel-olatinum catalvsts btefcre and
after exposure to 10 PPM H,5. Thermodynamic calculations were performed to dJetarmine
conditions Zcr formation of carbon, ammonia, and carbon dioxide in reactor tests.
Effects of 1 percent water on methanation activity ané selectivity were determined for
nickel and nickel alloy catalysts.

(SYNTHESIS GAS, CATALYTIC EFFECTS)

RAHPID HYDROGENATION TOR CCAL CONVERSION TO

H78 22002 RESEARCH AND DEVELOPMENT QF
SER CRACXING OQF COAL). QUARTER REPORT,

SYNTHETIC MCTOR FUELS (RI
APRIL 1 - JSUNE 30, 1976

uncan, D.A., 23eeson, J.L., Oberle, R.D., {Institute of 3as Technology, Chicago, IL),
30 p., NTT-77919

Yo abstract available

(LIQUZFACTICY, INEIRGY 20LICY)

373 22002 AGGLOMERATICN A8 A FACTOR 1N THE ZESIGY OF LCW 2TU-GASIFICATIGON SYSTEMS

., {West 7irginia Geological and Eccrnemic Survey, Mecrcantewn, WVA), Procaedings
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£ the Coal Agglcmeration and Conversion Symposium, Smith, C.J., comp., Apr 1975,
CB-77:122406

The agglomerating properties of some coals raguirs added steps or more cormplex
rocessing in their conversion o low BTU gas. Since 11l processes for the conversion
2£ coal to low BTU gas orerate at temperaturs above the coal agglomeration temperature
range, the coal must at some stage during its processing pass tarough the agglomerat ing
phase 4o cause cpevatz.c oroblems and therefore, special tachniques must ke used in
créer to minimize its deleterious effect on the Dprocess. The agglomerating crogerties
must be removed with minimur effact on the operation of the process. The methods of
Zestroying the agglomerating properties of caking coal are: pyrolysis, oxidation, and
zydrogen treatment.

k=]
=
=

(CHEMICAL REACTIONS, CGOAL GASITICATION)

#78 22004 CURRENT DEVELOPMENTS IN OIL SHALE RESEARCH AT THE LARAMIE ENERGY
RESEARCH CENTER

Jacobson, I.A., Jr., Burwell, E.L., Harak, A.E., long, A., Wise, R.L., (U.S. ERDA,

ramie, WY), Monogr on Alternate Fuel Resour. Based on Pap. Presented at the Symp.
on Alternate Fuel Resour, Santa Maria, CA, Mar 25-27, 1976, Publ by West Period Co.,
Jorth Hollywood, CA, AIAX, V 20:211-225, 3 refs, 1976

Research being conducted at the Laramie Energy Research Center on oil shale is

many faceted, and scme of the recent developments in these aresas are presentad. Con-
current gasilication and retorting of oil shale where the effacts of operating pressurs
znd amounts of oxygen and water injection on guality and guantity of gas and oil
produced is being studied. This work has =ssulted in off cas with heating values
varying £rom 30 to 1,300 3TU/TT” and oil recovery of up to 80 vol vercent of Fischer
zssay. The effects of rstorting atmosphere, cressure, and 2xternal heating rate are
Seing studied in a high pressure batch retort. Results from this work indicate that a
nitrogen atmosphere cec*eases oil v-eld slightly while a hydrogen atmosphere increases
<he oil yield slgnxflcan ly.

(LIQUID FUEL3, MANUFACTURE)

#2778 22005 PHASE EQUILIBRIA IN COAL HYDROGENATION SYSTEMS. QUARTERLY REPORT,
OCTOBER - DECEMBER 1976

¥obayashi, R., (Rice Univ., Hous*ton, TX), 10 p., 12976, (Contract No. EX-76~5-01-2334) a
One of the objectives of this program is to investigate the thermodynamic properties

of chemical mixtures in coal hydrogenation systems and %o provide fundamental information
for process development and equipment design in coal ligquefaction plants. Specifically,
~he provosed research is to measure vapor-liguid equilibria including K values, dew

point and hydrogen solubility in chemical components and their mixsures. The phase

P"ulllbrla studies and determination of K-values will be made using a gas~liquid

rerturbaticn chromatography technigue. Preparation of ultra-high purity materials for
~hese equilibria studies will be accomplisned with new zone refining apparatus to be
Zeveloped. urity will be established by Zfreezing point depression determination.

HZigh purity materials ares needed for the X-value and solubility studies because of the
extreme sensitivity of ohysicchemical properties to composition. H, solubility in coal

cmponents and nixtures will be measured via specially designed apparatus combining
an equilibrium cell with a hich precision transfer pump.

(GAS CHROMATOGPAPHY, MIXTCRES)

478 22006 SUBSTITUTION ENERGEZTICS FCR HYDROCARBONS

Lartique, G.J., (Fac. Quim., Univ. Nac. Auton, Mexico, Mexico City, Mexico), Rev.
Soc. Quim. Mex., V 21:356-39, N2, 13977, In Spanish
No abstract available

fZLEC INERGY UTILIZATION)

378 22007 THE FUTURE 2RODUCTION OF LIQUID AND GASEQUS HYDROCARBCONS THROUGH CCAL
GASITICATION AND THE LONG-TERM PROSPECTS CF A HYDROGEN TECIANOLOGY

tainkchlenkergbauverein, Issen, ‘West Germanvy),

ept 1977, A77-51136, In German

rs, W., Schulten, R., Speich, ?
nnscoff-waerme-Xraft, v 29:371-3
Mo abstract available
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H78 22008 HYDRODENITROGENATICN OF COAL DERIVED LIQUID. 2hD THESIS

Satchell, D.P., Jr., (Oklahoma Stats Univ., stillwater, OK), 203 p., N77-78579
Avail:Univ. Microfilms, Order No. 77-3222
¥o a2bstract available

(CATALYTIC ACTIVITY, ENERGY TECHNOLOGY)

H78 22009 NEW POSSIBILITIZS FOR UNDERGROUND GASIFICATION BY THEZ PRESSURE CHANGE
PROCESS AND BY INJECTION OF HEAT FROM NUCLEAR REACTORS

Wenzel, W., Franke, F.H., Meraixib, M., (McElroy, Ralph, Company, Austin, TX),
Glueckauvf-Forschungsh, West Garmany, V 33, 18 p., N4, Aug 1-6, 1972, N77-70137,
In Garman, English &translation

No abs:tract available

(EXOTHERMIC REACTIONS, METHANE)

H78 22019 THE CATALYZED HYDROGEN AND STIAM GASIFICATION OF COAL AND COAL CHAFRS.
?hD THESIS

Wilks, X.A., (Case Western Reserve Univ., Cleveland, OH), p. 253, N77-84364
Avail:Univ., Microfilms, Order No. 77-11941
Yo abstract available

(STEAM, REACTION XINECTICS)

H78 22011 NUMERICAL MODEL OF COAL GASIFICATION IN A PACXED BED

Winslow, A.M., (Califormia Univ., Livermore, CA), Presented at l5th Intern. Symp. on
Combustion, Cambridge, MA, 26 p., Aug 15, 1976
Avail:¥TIS

No abstract available

(PROCESS ENGINEERING)

H78 22012 PREPARATION OF A COAL CONVERSION SYSTEMS TICENICAL DATA BOOK.
PROJECT 8979 QUARTERLY REPORT, NOVEMBER 1, 1976 - JANUARY 31, 1977

(Institute of Gas Technology, Chicago, IL), 196 »., apr 1977, {(Contract No. sx-7s—cfb1-2zss)

The experirental data from benzene-water systems in a graphical form are presented.
Additional Russian data on dissociation of hydrocen sulfide and solubility of carbon
dioxide in water at elevatad temperatures and sressures were considered in the development
of vapor-liguid equilibria for the VH3COZHZS?20 system. Available data on partial
pressures ¢f ammonia in the WH3B SH,0 system are used to estimate the effect of the ionic
ammonium hydrosulfide on the solubi lity of ammonia. Comparative prcperties are presented
for coals produced by conventional and continuous mining. Cccurrence of Lrace elements
in coal is tabulated. Various proverties of coal ligquids are given along with data on
the upgrading oZ ccal liquids for use as gower generaticn fuels. Sulfur reduction in
coals from different regions accomplished by washing is giwven.

(CHEMICAL AMALYSIS, FLUIDIZED-BED COMBUSTION)
378 22013 OQPTIMIZATION STUDIES OF VARIQUS COAL-CONVERSION SYSTEMS. QUARTERLY REPORT,
JGLY - SEPTEMBER 1976
(West Virginia Univ., Morgantown, WVA), 32 p., N77-83356
Avail:NTIs
No abstract available

(OPTIMIZATION, HYDRODYNAMICS, TMNDUSTRIAL PLANTS)

478 23601 PCTENTIAL FUEL 2R0DUCTION TRCM MAGHA

Nertharvp, C.°5.M., Jr., Gerlach, T.M., voéreski, ?2.J3., Gals, J.X., (Saadia Labs.,
Albuguergue, M), June 1377, SAND- 77-0309.::5-77 127870
Avail:NTIs

Recant calcula+ions and measursments indicate that basaltic macgma is a naw,
extensive source Zor Suels (hydrogen, caricn mcnoxide, 2nd rmethane). The Iuel groducticn
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processes nave teen found to occur in nature as well as the laboratory and as a result,
the work indicates that current concepts cf geothermal energy can e broadened beyond
producing only steam and heat. When magma is consicered as a geothermal ra2source, its
use for zhe Zirect production of fuels should be included. It is cossible to generate
several role percent hydrogen when water-rich £iluid is 2quilibratad with the ZS2rrous
and ferric iren in magma. The basis of -che fuel producticn zrocesses, the fuel yields
for injected water and water plus natural organic matter, anéd the increased ceothermal
resources that wculd be made available by these processes are described.

(NATURAL OCCURRENCZ, ROCX-FLUID INTERACTIONS)

H78 23002 HYDROGEN QUANTUM YIELDS IN THE 360 NM PHOTOLYSIS OF EU/2+ SOLUTIONS AND
) THEIR RELATIONSHIP TO PHUTOCHEMICAL FUEL FORMATION

Ryason, P.R., (Californiz Institute of Technology, Jet Pvopulsion Laboratory,
Pasadena, CA), Solar EZnergy, V 19:445-448, N5, 1977, A77-30203

Water decomposition by a cyclic photoredcx process is discussed in general terms.
Thermodynamics determines the wavelength of the charge-transier band corresponding to
electron transfer to or f£rom water of hydration of a cation. These relationships
indicate that it is unlikely that a photoreducticn reaction resulting in water decompo-
sition will occur in the sea-level solar range of wavelengths. Such is not the case
for photooxidation, and an example is known - the ohotolysis of EU(2+) in acueous
solution. Hydrogen guantum yields have been detarmined for this reaction. They are
sufficiently high (about 0.3) as to offer encouragement Zor the further exploration
of shotoredox *=ac*lons as a means of solar energy conversion.

(ENERGY CONVERSION ZFFICIZNCY, SUNLIGHT)

H73 23003 AMMONIUM HYDROGEN SCLFATE DECOMFOSITION FOR STORAGE OF ENERGY FOR
ELECTRICAYL POWER CENERATICN

Wentworth, W.E., Chen, E., (Univ. of Houston, TX), Sharing the Sun: Solar Technology
in the Seventies, Joint Conference of the Iaternational Solar Energy Society, American
Section and Solar Energy Society of Carada, Inc., Winnipeg, Manitoba, Canada,
Aug 15-20, 1276, Publ by Int Sol Energy Soc., Am Sect, Cape Canaveral, FL, V 8:226,
1976

Discussion is centered or the decomposition of ammonium hydrogen sulfate (NH,HSO,)
into NH,, H.0, and $O, as a storage of energy whnich can be used subsequently for oowe*

generation (450-500°C). The change in enthalpy, 1H, is extremely high = 80 KCAL/MOLE:X
This high neat content combined with the fact that the products can be stcred as ligquids
lesads to a high capacity for energy storage, = 740 XCAL/LITER. This reaction occurs
without a catalvst and the product SO, must be stored separately f£rom NH4 and #5,0. The
details of the separation ara dl;cussed along with the thermodynamics and kinetics of
the reacticns involved.

(CHEMICAL REACTIONS, REACTION KINETICS)

H78 23401 COMBINATION OF A HIGH-TEMPERATURE REACTOR WITH A PLANT FOR SPLITTING OFF
AND SEPARATION OF H#YDROGEN AND WITH A THERMAL PCWER PLANT

3achl, #., German, FRG, Patent 2,507,821,A, Sept 2, 1976, ZDB-77:139338, In German

The compinaticn OL a high temperature nuclear reactcr with a plant Zor the gro-
ducticn of aydrogen from the working steam of a steam power process is suggested in
which the working steam is heated up at low pressure using the high temperature c¢f the
helium circuit and the aydrogen is t=hus split off and separated. The working stsam is
then cooled dcwn and the remaining rheat is used for a tertiary process or recvycled into
the primary process.

(PROCESS HEAT RREACTORS, PYROLYSIS)

578 22402 MULTISTAGE THERMAL DECOMPQOSITION PROCESS AND RADIATION DSECOMPOSITICH
PROCESS OF WATER

(ISU, Tokvo, Japan), Latest Literature on Hydrogen Technology, 1875, ZDB-77:144531,
In Japanese

The :rinciple and development of the srocesses for crcducing hvdrcgen ITom water
by using auclear fission energy, particularly =hose of the multistage Jacompcsition
Drecess using nuclear heat and the radiation decomposition process Using :ad;a;;on
enercy, z2re iascrited. 7This repcert s Sivided intd Iive $arts, namely: (1) zhe
:r;ncxple af =marmochemical decompesition of water, (2) the thermodynamical Iunctions
Jor the substances related o :he ﬁul~;s:ace :he-“oc mical decompcsition »rocsess,

(3) the constituzicn of the multistage zthermochemizal Jacomposition process, .41 the
reacticn cvycle and :he-“ocVﬂanlca- study oI the multistage “hermochemical decompositicn
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processes have been Iound to cccur in nature as well as the laboratory and as a resuls
the work indicates that current concapts of geothermal energy can te broadened beyond
producing orly steam and heat. When macma is considered as a geothermal resourcs, itcs
use for the direct production of fuels should be included. It is possible to genersate
several mole rercent hydrogen when water-rich Zluid is eguilibrated with the Zarrous
and ferric iron in magma. The basis of the Zuel groduction processes, the fusl yislds
for injected water and water plus natural organic matter, and the increasedé geothermal
resources that would be made avallanla by these processas are described.

(NATURAL OCCURRENCE, ROCX-FLUID INTERACTICNS)

H78 23002 HYDROGEN QUANTUM YIELDS IN THE 360 NM PHOTOLYSIS OF EU/2+ SOLUTIONS AND
THEIR RELATIONSHIP TO PEOTOCHEMICAL FUEL FORMATION

Ryason, P.R., (California Instituts of Technology, Set Propulsion Laboratory,
Pasadena, CA), Solar Energy, V 19:445-448, NS, 1977, A77-50203

Water decomposition by a cyclic photoredox process is discussed in general terms.
Thermodynamics determines the wavelength of the charge-transfer vand corresponding to
electron transfer to c¢r from water of hydration of a cation. These relaticnships
indicate that it is unlikely that a photoreduction reaction resulting in watsr decompo-
sition will occur in the sea-lavel solar range of wavelengths. Such is not the case
for photcoxidation, and an example is knewn - the photolysis of ZU(2+) in aguecus
solution. Hydrogen quantum vields have been determined for this reaction. They are
sufficiently nigh (abcut 0.3) as to offar encouragement for the further exploraticn
of photoredox reactions as a means of solar energy conversion.

(ENERGY CONVERSION EFFICIENCY, SUNLIGHT)

BE78 23003 AMMONIUM HYDROGEN SULFATE DECOMPOSITION FOR STORAGZ OF ENERGY FOR
ZLECTRICAL FOWER GENERATION

Wentworth, W.Z., Chen, E., (Univ. of Houston, TX), Sharing the Sun: Solar Technolcgy
in the Seventies, Joint Conference of the International Solar EZnergy Society, American
Section and Solar Lrergy Society of Canada, inc., Winnipeg, Manitoba, Canada,
Aug 15-20, 13976, Publ by Int Sol Energy Soc., Am Sect, Cape Canaveral, FL, V 8:226,
1976

Discussion is centered on the decomposition of ammenium hydrogen sulfate (NH 4HSO 4)
into NH,, H_ O, and 303 as a storage of energy which can be used subsegquently for acwer
generation (450-300°C). The change in enthalpy, AH, is extremely high = 80 KCAL/WOLL
This high heat content combined with the fact that the products can be stored as liduids
leads to a high capacity for energy storage, = 740 (CAL/TITER This reacticn occurs
without a catalyst and the product SO, must be stored separately from Vq3 and h70 The
deta1¢s or the separation aras discusseéd along with the the:modvqaml-s and kinetics of
the reactions involved.

{(CHEMICAL REACTIONS, REACTION KINETICS)

3 232401 COMBINATION OF A HIGH-TEMPERATURE REACTCOR WITH i) PLANT FOR SPL ING OFF
AND SEPARATION OF HYDROGEN AND WITH A THERMAL POWER PLANT

~1

3achl, H., German, FRG, Patent 2,307,321,A, Sept 2, 1976, ECB-77:139338, In German

The combination of a2 high temperature nuclear rsactor with a plant fcr the preo-
duction cf hvérogen £rom the working steam of a steam power process is suggested in
which the working steam is heated up at low pressure using the high temperature cof the
helium circuit and the hvdrogery is thus split off and separated. The working steam is
then cooled down and the remaining heat is used for a tertiary process or recycled into
the primary process.

(PECCESS HEZAT EACTORS, PYROLYSIS)

H78 22402 MULTISTAGE THERMAL DECOMPOSITION PRCCEZSS AND FADIATION DECOMPOSITICN
PROCZSS OF WATZIR

(15U, Tokyo, Japan), Latest Literature on #yérocen Technolegy, 1375, ZDB-77:1445:31,
In Javanese

The crinciple and develcrment of the trocessas Ior croducing hvdrogen Zrom watar
Dy using nuclaar fissicn ="ercV, ;a::;*u.arlv those cI :the nultistace Jdeccmposition
Srocess :sing nuclear nea:t and zhe radiaci:n ~=fo :cs*:;on Sreccess 1sing radiatien
enersy, are Zescribed. This repor= is Zivided Into Iive pares, namely: (1} =zhe
Princicls of =hermochemizal decomgosition 22 watar, [I) :the chermodynamical functicns
Sor :he sthstances related to ke mutltistage thermochemical deccmpesition process,
() +he constitution of =he multistage thermcchemical Z=2csmzosition proeess, (&) the
reacticn cvele and thermodynamical study of the multiistage <hermochamical decomposition

1
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process, and (3) the radiation decomposition trocess. The multistage thermochemical
decemposition process is wvery interasting sczen*lhlcally, but it has many proklems

to be solved to establish a new hydrogen zroduction syst2m. These problems ar=a:

(1) the thermal efficiency which is not always hign, (2) the *eact;on of dlf:ereqt
phases, (3) too many stages of reaction, and {(4) tco much amcunt of meterial circulation.
The important problem 0f the radiation decorposition process is the effort %o improve

the efiiciency of energy. The decomposition of wat2r and carbon dioxide are reviewed.

(C““MICAL REACTICN KINETICS)

H78 23601 HETEROGENEOUS SENSITIZED DECOMPOSITION OF WATER WITH SUNLIGHT
QUARTIRLY PROGRESS REPORT, JANUARY 1 - MARCH 31, 1976

Ghosh, A.K., Maruska, H.P., (Exxon Research and Engineering Co., Linden, NJ),
NSF/RA-760104, NSF ERP-75-13901, 40 p., N77-73525
Avail:NTIS :

No abstract available

(CATALYSIS, ULTRAVIOLET RADIATION)

H78 22602 MATERIALS USED IM WATER PHOTCLYSIS TECHAMNIQUES OF SOLAR ENERGY CONVERSION

Haneman, D., (Univ. of New South Wales, Xensington, australia), J. Australas Inst.
Met., vV 21:112-113, N2-3, 4 refs, Jdne—Seot 157¢€

The oresence of 2lectron hole pairs are created by light in the semiconductor
surface regicn, and are there separated by tne surface region electric f£ieid. The
holes (for an n type semiconductor with "upward" band bending) flow to the surZace
and capture electrons from CH- species in solution. The elactrons flow cut frem a
metal counter electrode and neutralize H+ ions to produce hydrogen, a storable fuel.
Inexpensive materials can be emploved for the semiconductor anode and the metal cathode
in the cell. The materzal studied mos:t extensively %o date is titaniz (TiO,). It has
one major drawback: the bhandgap of approximatsly 3 eV means that cnly wavelengths
less than about 400 nm can be used, which is only 3% of the incident solar power.

(SEMICONDUCTOR).

H78 23603 PHOTCCATALYTIC REACTIONS. 1. PHOTOLYSIS OF WATER AND PHOTOREDUCTION OF
NITROGEN ON TITANIUM DIOXIDE

Schrauzer, G.¥., Guth, T.D., (Dep. Chem., Univ. California, La Jolla, CiA), J. Am. *
Chem. Soc., V 99:7189-7193, N22, 19377
No abstract available

(POWDER MANUFG. STORAGE)

H78 223604 EFFICIZNCIES OF VARIQUS METHCDS FOR SOLAR INERGY CONVERSION
Soper, W.G., (Office of Naval Research, London, Zngland), 34 p., N77-83864
Avail:NTIS3

Mo abstract availacle

(SYSTEM EFFECTIVENESS, THERMOCHEMISTRY)

H78 23605 PREPARATION OF HYDROGEN BY THERMAL DECOMPOSITION OF WATER.
CEVELOPMENT OF NEW EWERGY CONVERSION METHODS

(Government Industrial Research Institute, Csaka, Japan), JITA Nyusu, V 91:20-21,

1977, In Capanese

No abkstract available

(REVIEW)

478 22301 SYNGAS PROCESS CCNVERTS WASTE T0 SNG

Falémann, H.F., Felton, G.W., YNack, H., (Sat:telle Zolumbus Laboratories, Columbus, CH),
Adlarseain, J., {Svngas Recvcling Coro., Torcnto, Canada), In Clean Fuels Ifrom 3iomass
and Wastes; ?Proceedinss oI =ha Second Svmpesiunm, drlande, TL, Jan 25-23, 1977, Institute
of Gas Tecamolcgy, 9. I11-321, 1977, (A73-11129 921-44)., AT2-11134

An ex,er-“en.al stucdy of che sreducticn of raw zas containing substantial
arounts of methane from municiral sclif wastas is recor=ed; the 2xgerimental svstem
relies cn a csmpact raactor scheme Providing ccn:;140us sroducticn 2ndé short waste
residence <imes. The system secarates metzihane production Irom the gasification rsacticn

11
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zones, insuring that no methane is burned by oxvgen or reformed bv steam fed into the
gasifier. Two types of reacter, employing 2ither a free-fall or moving bed to segregate
solids, are compared. The use of countercurrent gas-solids flow Lo racover heat from the
raw product gases is alsoc discussed.

{WASTE UTILIZATION, ZNERGY TECHNOLOGY)

H78 23802 LABORATORY PROCEDURES TO DETERMINE THE NITROGEN CONTENT OF SOLID WASTES

Raylor, W.H., Ulmer, N.S., (Bureau of Solid Waste Manacement, Cincinnati, OH), 49 p.,
¥77~73535
Avail:NTIS

No abstract available

(CHEMICAL ANALYSIS, AGRICULTURE)

E78 23803 SYNTHZTIC CARBONACEOUS FUEL AND FEEDSTOCX USING NUCLEAR POWER, AIR,
AND WATER

Steinberg, M., Baron, S., (Brockhaven National Lab., Upton, NY¥), Int. J. Hydrogen
Energy, V 2:189-207, M2, 13 refs, 1977

A system is preoposed here for the producticn of synthetic carbonaceocus fuels
using nuclear power, air and water. Nuclear power i1s used to generats heat and
electricity which is in turn used to decompose water thermally and electrolvtically <o
produce hydrogen and oxygen. CO, is extracted from either or both the atmosphere and
water. The aydrogen is combined‘thermocatalytically with CO, to produce methanol which
is further thermocatalytically dehydrated to synthetic hydro&arbon fuels. The steps
in the process are outlined.

(CARBON DIOXIDE, METHANOL)

H78 23304 PHYSICAL AND CHEMICAL PARAMETERS AND METHCDS FOR SOLID WASTE CHARACTERIZATION
QPEN-FILE PROGRESS REPORT

Ulmer, N.S., {(Bureau of Solid Waste Management, Rockville, MD), 28 p., N77-72531
Avail:NTIS
No abstract available

(ANALYSIS, HYDROGEN, NITROGEN) ‘

s
.

H78 23805 DEVELOPMENT OF A METHOD FOR THE DETERMINATION OF CARBON AND KYDROGEN IN
SOLID WASTE

Wilson, D.L., (Bureau of Solid Waste Management, Cincinnati, OH), 38 p., N77-7372¢9
Avail:NTIS
No abstract available
(DRYING APPARATUS, WASTE DISPOSAL)
H78 238058 PRCCEDURE FOR THE MATHEMATICAL DETERMINATION CF TOTAL HEAT OF COMBUSTION
CONTENT OF SOLID WASTES
Wilsen, D.L., (Environmental Protection Agency, Cincinnati, OH), 15 p., N77-73702
Avail:NTIS
No abstract available
(DECCMPOSITICN, INCINERATORS, CXIDATION)
278 23807 LARBORATORY PROCEDURE FOR TEE GPAVIMETRIC DETERMINATION OF CARBON AND HYDROGEM
I SQLID WASTES (FOR ¥ETHODS MANUAL)
Wilson, D.L., (Bureau of Solid Wasta Management, Cincinnati, OH), 40 p., N77-72520
Avail:NTI3
10 absgtract available

(COMBUSTICN PROCUCTS)

273 23808  CLEAN FUELS FR0M 3IOMASS AND WaSTES: PRCCIEIDINGS OF THE SECOND SYMPOSIUY,
ORLANDO, 7L, SANUARY 25-28, 1977

{Insciture of Gas Technolcogy, Chicage, IL), Symposium socnsored sy tha Iastitute of Gas
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Technology, Chicage, IL, Institute of Gas Techrnology, 528 p., 1977, for individual items
see AT8-11121 =0 A78-11129, a78-11120

The use cf biomass and wastes as a source of fuel is studied, wizh attention cgiven
to land requirements of biomass plantations, the application of Iorest biomass to energ
sroduction, hvdrcgen production through sactelysis, ethanol-gasoline automotive f{uels,
the conversion of solid-waste cellulose to glucose, genetic engineering to improve plant -
shotosynthesis races, and the cperation of a 100,000~-gallon anaerobic digestar to traat
municipal solid wastes. ther topics discussed include the design of a compact reactor
tc produce methane from solid wastes, the efficiency of several pyrolytic processes,
the gasification of biomass and wastes with a rotary kiln, the production of methane
threcugh fermentation of microalgae in waste water treatment scnds, and the culture and
processing of waterhyacinths.

(ENERGY PRODUCTION, ECONOMIC FACTORS)

13
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ITT.  UTILIZATICN

H73 30001 RAW MATERIALS FOR SPACE MANUFACTURING - A COMPARISON OF TERRESTRIAL
PRACTICZ AND LUNAR AVAILABILITY

Caulkins, D., (3ritish Interplanetary 3ociety), Journal - Space Colonization,
v 30:314~-316, Aug 13877, A77-46774

A brief comparison between the raw materials necessary for industrial precduction
on earth, and their availability on the moon f£or space manufacturing is presented and
grarhed cn a chart contrasting each element as to its per capita and metric ton usage
on earth, and the percentage of abundance on lunar soil. It was found that among tae
most important raw materails not available on the moon are carbon, hydrogen, nitrogen,
and copper. Substitutes for wood, paper, and plastics will need t©o be developed.

(ABUNDANCE, INDUSTRIES, METALS)

H78 30002 A NEW CYCLE FOR OPTIMUM ENERGY STORAGE IN INTERPLANETARY MISSIONS

Igenbergs, E., (Muenchen, Technische Universitaet, Munich, West Germany), Internaticnal
Astronautical Federation, Internaticnal Astronaucical Congress, 28th, Prague,
Czechoslovakia, 40 2., Sept 25 - Oct 1, 1377, AT77-51444

An investigation is conductad concerning an approach in which a spacecraft on a
mission obtains energy from nuclear power plants or by the utilization of solar
radiation and stores this energy for an employment in energy-consuming operations to
be performed at a later time. In a brief analysis it is demonstrated, in a comparison
of various possibilities that, of the considered systems, only a system which stores
energy chemically in the form of elementary oxygen and hydrogan, obtained Irom water,
provides a feasible low-weight energy s+orace method. A solar mirror-turbine/generatcer
5Y5u3m and a systam chtaining electric energy for the decomposition of water by means
0f solar cells are considered. The watar formed, when the stored energy is withdrawn
for use, is retained and can be emploved acain for additional energy-storage cycles.
Formulas and graphs are gresentad which illustrate the suitability of the discussed
techniques for a number of spacecraft missions, giving particular attention to inter-
planetary missicons to mars and venus.

(SPACECRAEFT POWER SUPPLIES, SOLAR CELLS)

@78 30003 THE ELECTRICAL POWER SYSTEM FOR SPACELAB . "

Gohrbandt, B., Schmidét, E.F, (Telefunken Ag, Hamburg, West Germany), In Space and
Energy:; Procsedings of the Twenty-Sixth Iaternational Astzonautical Congress, Lisbon,
Portugal, p. 29-43, Septemher 21-27, 1975, Pergamon Press, Oxiord and New York, p. 29-43
1977, A7/~46787 22-12, 377-46789 ’

Following an overview cf the spacelab's mission requirements, such as its ceneral
weight, power consumption, and heat dissipation, the electrical power and distribution
subsystem (EPDS) is described in full with subsystem design regquirements and primary
design criteria listed. A block diagram of the EPCS 1s shown and separate praesentations
are made for the following features: (1) the power conditioning and distribution
concepts, (2) power sources, (3) power conditioning equipment, (4) vower distributicn,
monitoring and protection, (5) the emergency power system, (6) the lichting system,
and (7) signal conditioning. It is concluded that the ITPDS provides the flexibkbilisy
necessary for various payloads and coniigurations of the spacelab missicn.

(HYDROGEN OXYGEN FUEL CELLS, LIGHATING IZQUIPMENT)

H78 30004 TECHENOLOGY REQUIREMENTS FOR ADVANCED EARTH-QRBITAL TRANSPORTATION SYSTEMS
- SUMMARY REPORT - SINGLE STAGE TO ORBIT VEZHICLES. rFinal Regork

Haefeli, R.C., Littler, E.G., durlevy, J.B., Winter, M.G., (Martian Marietta Corp.,

Jenver, CO), NASA-CR-2867, 62 2., NT77-32255
Avail:NTIS

Areas of advanced tachnclogy that are sither critical or offar signiiicant

benefits zo -he development oI future earth-orblt transportation systems were identified.
Tachnology assessment was based on the applicaticn oZ these taschnologies =o Zully
reusable, single-state-<o-ordit (SSTO) vehicle concepts with horizontal landing v
capabilizy, 3tudy juidelines included mission reguirements s:milar to space shuctls, an
Srerational capability beginning in 1293, and main frogulsicn to se advanced avdrccen-
Sualed rockaob angines. Ths tachnical and =Conomic fsasidillity oI this class of 3370
concepts wers avaluated as well as the ccmparatzive Zz2aturss oI three operaticnal zake-cif
modes, wnich were wver—-cal toost, aorizcntal sled launcih, and herizontal take-oif with
subsequent :iaflight Zueling. 2rojections ¢l both normal and accalerated technology
groweh weras made. ~Tiguras of merit wers derived <o srovide ra2lative rankings cf tech-
aolegy arsas. 7The influence of selacted ac:ele:a:ad_z:nas Zn venicle design and srogran
SOSts was analyzed 5V Zdevelsoring near-opTiiul ©Olnt lesigns.

SRS PR
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H78 30005 OJEVELOPMENT PR0GRESS OF HM 7 LO,/LH, ROCKET ENGINE FOR THE ARIANE
THIRD STAGE 2POPULSION SYSTEM

Pouligquen, M., (Societe Zurepeenne de Propulsion, Vernon, France), International
Astronautical Federation, Intarnaticnal Astronautical Cengress, 28th, Prague,
Czechoslovakia, 13 p., Sepre 25 - Oct 1, 1977, A77-31426

The development of the §000 2an Thrust UM 7 rocket engine which will power the
third stage of the ariane launcher is described. In addition =o producing thrust,
the HM 7 has to allow pitch and yaw control by gimballing, heat gaseous hel-um for
LOx tank pressurization, and supply regenerated gaseous hvdrogen Zor LH, tank

pressurizaticn and for the vehicle attitude and roll control system. The test program
and test facilities are described, and compcnent test results are considered with
attention to thrust chamber, turboprop and components, accessories, and pyrotechrnics.
Integrated engine testing invclved sea level horizontal tests, sea level vertical
tests, altitude simulaticn tests, and vibration tests. A summary of the main problems
encountered and their solutions is provicded.

(LIQUEFIED GASES, PYROTECHENICS, TEST FACILITIES)

H78 30006 GENESIS OF LIQUID HYDROGEN PROPULSION THROUGH 1345

Sloop, J.L., @nternational Astronautical Federation, International Astronautical Congress,
28th, Prague, Czechcslovakia, 9 z., Sept 25 -~ Oct 1, 1977, A77-513512

Early enthusiasm manifested by pioneers (Tsiolkovskii, Goddard, Cberth) in gaseous
and liquid hydrogen as rocket propellant is recalled. Advantages (nhigh exhaust
velocity, availapbility, mass ratio, energy) and discouraging drawbacks {(low density and
mass, large storage volume, cifficulty in handling, poor performance in ccmbustion
engines) experienced at the time are recounted., Early experience with liguefied hvdrocen
and probes in this area three decades ago ara recallad.

(FUELS, SPACECRAFT -

278 31041 ALTERNATE FUELS FOR FUTURE AIRCRAET

Brewer, G.D., (Lockheed-California Co., Burbank, CA), In Intersociety Energy Conversign
Engineering Ccnference, 12th, Washington, DC, August 28 - September 2, 1977, Proceedings,
American Nuclear Society, Inc., La Grange Park, IL, V 1:62-68, 1977, A77-48701 23-44,
A77-43709

The paper menticns some results of comparisons of the apvlicability of liguid
hydrogen-tfueled aircraft of the future and eguivalent aircraft fueled with Jet A.
Liguid hyérogen-fueled aircraft show clear superiority stemming f£rom better lift-to-drag
ratio in cruise and the specific fuel consumption realized during cruise. These
advantages are retained wnen supersonic transgort aircrait are considered as well., At

the moment, udies Lndicate that it would cost more %o build and operate a hydrogen-
fueiled £l eet than a = eet fueled with synthetic Jet A, but i1if one *takas into acccunt
pro*ec ad Lﬁorovereq in the production precess for liguid hydrogen (hvdrogen

gasification) ané for syntnetlcvget A, the LHE_ -fueled aircraft comes out ahead.
rS

(LIQUID HYDROGEN, SUPETRSONIC TRANSPORTS)

H78 31002 HYDROGEN ENRICHMENT FOR LOW EMISSION JET COMBUSTION

Clayton, R.M., (Jet. Propulsion Lab., Pasadena, CA), Prepr., Div. Pet., Chem., am. Chem.
Soc., V 22:178-198, N1, Feb 1977, ZDB-77:144190

The feasibility of hydrogen ernrichment in jet ccmbustors is evaluated. 3ased on
interim resul:s it is ccncluded chat Jl:ralow ~arget emission levels were simultaneously
achieved under simulated cruise scwer condil cns at a burning aguivalsnce ratio (ZR)
and with pressure losses amenable o crac“zc combustor design. These levels were
achievable with zhe M0OD 2 surner wita #H, enr zc ent, Jut not with jet Zfuel onliy due %o
<he cnset of la2an blowcut 2t tco high an IR o -u:f*c‘en.-, reduce zthe Nox amission.
?remixing deficiencies, rzarticularly with regard o the qz, recduced the 2Zfectiveness
of 4. enrichment and agcravated che Ilameholder durabilizy problems in these sxperirzents.

ro

Iopréved premixing should reduce the amount of Hay vecui*ed As reactant mixiag Is
improved, the potential of lean burniny Zor mininizing \O will be arzroached, but main--
taining Zlazre scabilization and ultralow HC and (0 emissicns will Tecome limiting
Fractzical considerations. Hydrocen 2ncicnment can provide a sicnificant lean-iimis
2Xtension for nini:.:;ng all emiszsicns. TFlame stabilizaticn via a physical Zlamexclder
Fresents a difficult design/developrent orobizam Jue to “he axposure oZ the component td
the combusticn zone. Sa zhe sszher nard, 4ru2 achiavament of zhe lcwerad combusticn
temrerature cotensially available wx:h {, enrichnent shculd ra2duce <he aeat icad <9 the
2xposed suriaces :::;aied, Ssr exarcle, %2 2resenst linear 2nvironments. Alternacive
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flame starilization schemes might also alleviate tie Zroblem. EZfective
implementation of H, enrichment is not simple zut 2 feasible with dedicated develop-
ment. Importantly, the bulk of the premixing creociel nas to be solved for any lean-
burning schere.

(POLLUTION CONTROL, FUEL FEEDING SYSTEM)

H78 31003 THE LIQUID HYDROGEN OPTION FOR TEE 3SU2ECNIC TRANSPORT - A STATUS REPORT

Koryecinski, P.F., (NASA, Langlay Research Center, Hampton, VA), In Intersociety Energy
Conversion Eagineering Conference, 1l2th, Washingtsn, SC, August 28-3eptemter 2, 1977,
Proceedings, Arerican-Nuclear Society, Inc., La Grange Park, IL, V 1:964-972, 1977,
A77-48701 23-44, 277~-483819

Studies dealing with the use of liguid hydroqgen for fuel in subsonic air transport
systems are reviewed. Topics of the studies include the possibility for economical
production of hydrogen, the problems associated wi=h the efficient liquefaction of the
gas, the development of insulation materials and materials for long-lasting ligquid
hydrogen fuel tanks, the difficulties related to fueling processes and the installation
of liquid hydrogen Zfuel stations at major air terminals, an assessment of the hazards
connected with liguid hydrogen Zuels, and the engineering and design problems involved
in incorporating liguicd hydrogen fuel systems into large subsonic passenger aircrarft,

(ENERGY TECHENOLOGY, SYNTEETIC FUELS)

478 31004 THE MILITARY UTILITY OF VERY LARGE AIRPLANES AND ALTERNATIVE FUELS

Mikolowsky, W.T., (Rand Corp., Washington, DC), Noggle, L.4., (USAF, Aercnautical
Systems Div., Wright-Patterson AFB, CH), Stanley, W.L., (Rand Corp., Santa Monica,
CA), Astronutics and Aercnautics, V 15:46-36, Sept 1377, AT77-47271

The paper describes a study with the objectivns of evaluating very large airplanes
{(VLA's) in the context of existing and possible future Air Force nmissions and detarmining
the most attractive alternative fuel for these airplanes. The chemical fuel alternatives
considered are ligquid ahvdrogen, liguid methane, and synthetic JP, each of which can be
readily synthesized Zrom cocal. The nuclear-fueled VLA was a Zourth candidate aircrafe,
The cost and energy eZffectiveness of these basic aircraft-fuel combinations in typical
range, radius, and station-kaeping missions was estimated. It was concluded that overall,
a conventional hydrocarbon jet fuel remains the most attractive fuel for military air
craft. Nuclear propuls‘on is attractive only for station-keeping m1=510ns requiring
large station radii. VLA's are especially attractive if the capability to aL lift ¥.S.
forces world-wide without reliance on overseas basas is a major requirement.

.
.

(JET ENGINE FUELS, LIQUID HYDROGEN)

478 31005 AN EVALUATION OF VERY LARGE AIRPLANES AND ALTERNATIVE FUELS. INTERIM REPORT

Mikolowsky, W.T., Noggle, L.W., Hederman, W.F., Horvath, R.Z., (Rand Corp., Santa
Monica, Ca), Dec 1976, AD-A-040532, EDB-77:146215 ]

Very large airplanes using alternative fuels are examined in the context of existing
and possiktle future Alr Force missions. ;yn*h;cxb ;et fuel (JP), liquidé methane,
liguid hydrogen, and nuclear propulsion are the fuel alternatives selected for detailed
analysis. Conceptual designs cf a‘*planes using rach of these fuels were developed and
estimates were made of their ‘1'ec1c¢e cost and l:ivz-cycle erergy consumption, Mission
analjses were performed to determine the effectiveness of the alternative airplanes
in strategic airlizt specifically and in the station-Xeeping role in general. Results
indicate that for xwost militarv apollcat‘cns airplanes with gress weights in excess of

one million pounds promise to be superi to any vontamporary airplanes in terms of
cost-effectiveness and energy- hydrocarbon jet huel, whecﬁer manufactured from oil shale,
coal or crude oil, remains the mcst attractive aviation fuel Zor future Air Force use.

Policy recommendations are rmade pertaining boch . 1-:ernat1ve fuels and to advanced-
technology large airplanes. Fucture rasearch and .evalopments are also identified.

(ZVALUATTION, LIFE-CYCLE COST, TECHNOLOGY ASSISSMENT!

278 31906 TUZL SUBSYSTEM FCR Lid. AIRCRAFT: R & O REQUIREMENTS

Momenthy, A.M., (3ceing Commercial Airplare Co., Seattle, WA), Int. J. Hydrogen Inerqgy,
v 2:155-162, N2, 1977, =DB-T77:137294 .

ic X, Zueled aircraft are

3es*a~ char=c:er‘st;cs o€ the fuel sutsvstanm I°T S -
2igen ~achn ! Ve Sama 5f rhe 4iZfarences
herw . jeded quired Zor commersial air-
craf go’ as o 2oy ring acvanceren*t and long
lead ¢ da e ified. T ~aze resented in this sarer
reZlects %he results optained Zorm 2 3celng study Jover e Zlevelncment cof a candidate
S:el subsvstem for a 3000 nau=ical mile range Ld. rai2la erczai airzlane.

{CESIGN, HYDRCGEN FUIL3)



(O]
(]
o
o
F-S

H78 32001 IEFCELING HYDRCGEYN TRANSIT FLEETS: PART A: ECCNOMICS

3eyer, R.3., Woolley, R.L., (NASA, Lewis Research Centar, Cleveland, OH), (Billiags
Znergy Corp., Provo, (T), Fourth International Symrosium on Automotive Propulsion
Svstens, ¥V II, CONF-770430, ZDB-77:140241

The ecornomics of several hydrogen manufacturing, distxibution, and use strategies
are evaluated for a flset of converted buses for the purpose of setting a guide in
s2lection of feasible methods for refueling, The most attractive alternative is
Pipeline distribution of hydrccen produced from gasified coal and watar for use in feti
hydride vehicles. A systam based on existing tecuuologv is estimated to cost midway
between the currant cost of cgasoline (U.S.) and the predicted ccst of synthetic
gasolien from coal. A hyérogen bus fleet supplied by pipeline will have a lower total
cost than systems using other synthetic fuels cderived from coal.

(BUSES, COAL GASIFICATICN, EVALUATIONS)

H78 32002 RESULTS OF HYDRIDE RESEARCH AND THE CONSEQUENCES FOR THE DEVELOPMENT CF
HYDRIDE VEHICLES

Buchner, H., Saeuffersr, H., (NASA, Lewis Research Center, Cleveland, OH), (Daimler-
3enz Ag, Stuttgart, Germanv), Fourth International Symposium on Automotive Propulsion
Systems, V II, 1977, CONF-770430-22(drat), EDB-77:140238

From the results attained with the hydride-pcwered vehicles and hydride development
at Daimler-3enz it can be demonstrated that nydrogen storage in metal aydrides rfor
virtually nonpollutive automotive propulsion svstams has a number of system-specifi
advantages which, to scme =xtent at least, make up for the relatively adverse weight
proportions of tiz2 storage tank as compared to liguid hydrocarbons. Provided that
suitable hydrides are chosen, the hydride tank assumes at least the folliowing four
functicns at the same time: (1) fuel supply, (2) air-conditioning, (3) water conden-
sation, and (4) storage of waste heat from the engine. The hydrogen powered vehicle
equipred with an internal combusticn engine and hydride storage system is thus extremely
advantageous for the environment. Its range of operation varies bestwaen 200 XM and 40C
KM. Although a hydrogen irnfrastructure comparable to the netwerk of {illing stations
for liquid hydrocarbons dees not exist, setting up a hvdrogen supply system of any
desired size, e.g., fcr municipal wvehicle fleets, would be technically feasible within
a very short time, using, e.g., the steam reforming process of natural gas.

(RUTOMOTIVE FUZLS, HYDROGEN STORAGE)

H78 32003 ALTERNATIVE FUEL FOR CARS . .

Chatterjee, J.S., Som, ?., (Jadavpur Univ., Calcutta, India), Electron. Power, V 22:
528-529, N8, Aug 1976, EDB-77:131011

The solutions suggestad Zor the car energy-storage problem are the use of an improved
versicn of the battery for power storage or the use of hydrocen as a fuel. The weight
of a battery for a long traction nmileage is prohibitively high. To use hydrocen as a
Iuel for cars, the procblems of easy and cheap croduction andé safe storace zeed to ke
solved. The chemistrv Zcr L‘/fi:'cgen producticn is outlined and the %total power demand
Ior the system is discussed. A compariscn is made between the weight of raw materials
necessary for producing hydrogen fuel and the gpetroleum weight for identical heat of
combustion.

(CHEMISTRY, COST, ENERGY STCRAGE)

378 32004 COMPARATIVE ZIFFICIENCIES OF ALTERNATIVE FCUTYU ACUTOMOTIVE POWER SYSTEMS

Fetterman, G.P., Jr., Mauri, G., Ricci, R.L., (MASA, Lewis Research Center, Cleveland,
OH), (Exxon Enterprises Inc., florham Park, NJ), Fourth International Symposium on
Automotive Procvulision Systems, ¥ IV, 1977, CONF-770430, E=CB-77:140150
An analysis is given of the cverall energy efficiency cf a small (2 + 2) urban
vehicle powered by Zive different ;owertra*ns. all with similar acceleration cerZormance
and savicad caoan-l*:;as. The Jdriwverrains compared ars: 2 hyd:ogen-fueled-spark-
ignition engine, ar adwvanced zasciine -‘ueled-suark-Lgn n engine, a diesel =2ngine,
a2 Zdiesel/electzic avkrid, and a cure elec“‘zc wlth an advanced *oto*/cont:oller and
cattery. The test weisnt of sach vehicle i1s varied so that differencss in »OCH
N Jcwer svstem weight and chassis welzht Propagaticn are rellected. Zach vehic
mathematically mocdeled and Zriven owver the IPA urkan driving cvycle so that it
load anergy reguiraments a ;onerated. The 2nergy usage oI =ach vehicle i3
traced “hroucgh :ts irivetr 1 processing =ffic:iencies and measurs
Taw enerzy in rhe Sraund. Tsei -En aneray usad in zhe
i o3
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H73 32005 CRYOGENIC FUEL SYSTEMS FCR MOTOR VEHICLE

Hibl, J.J., (Beech Aircr. Corp., Boulder, C9), adv. Cryog. Zng., ¥ 21:180-186, 9 refs,
1975, ED3~77:127832

Alternative Zuels Zor motor vehicles are needed to help satisiy the nation's
enormous appetite for transportation fuels. Cryogenic ligulds - liquefied natural
gas and liquid hydérogen =~ are candidate fuels. Liguefied nacural gas (LNG) is
attractive for the near term, while hydrogen is projected to be "the £uel cf the
futura". Eoth cryogens oflfer important advantages over other {uels now in use or
being considered. Both are low-volluting and nave 3 high energy content per unit
weight. In view of the advantages posed by these c¢ryogens as ifuels, a program was
undertaken to develop storage containers for thesa fuels and demonstrate the supply
svstem on motor vehicles. This presentation describes the tank and flow system
cevelopment, including operating experience.

(DESIGN, ENGINEERING, PERFORMANCE TESTING)

H78 32006 ECONCMY OF HYDRCGEN-FUE LED AUTOMOBILE ENGINES

MacXay, D.3., (Billings Energv Res. Corp., Provo, UT), Monogr. on Alternate Fuel
Resour. 3ased on Pap. Presented at the Svmp on Alternate Fuel Resoux., Santa Maria,
iA, Mar 25-27, 1976, Publ by West Pericd Co., Yorth Hollywood, CA, AIAA, V 20:294-301,
876

Reduction of energy consumption is possible £or engines using hvdrogen fuel, as
compared £o those using gasoline. Hydrogen engines can be made with high ccmpression
ratios, and thus can attain hich thermal efficiencies at all loads and speeds. In
addition, it is possible to vary hydrogen-air mixture ratios to achieve load contrcl.
Lean mixtures at part loads improve thermodynamic performance and reduce pumping losses.
For these reasons considerable energy savings are pos;ible, particularly at part loads
and lower speeds. The engine used for comparison showed approximately a 20 percent
increase in mileage per unit of energy at 30 miles per hour, and double mileage at 20
miles per hour. These results have been substantiated on an automcpile tested at
Billings Energy Research Cocrporation. This economy is possible while creating
essentially no atmospheric pollution. ’ ’

(FUEL ECCNOMY, THERMODYNAMIC PERFORMANCE)

H78 32007 STUDY ON REFORMED FUEL FOR AN AUTOMOTIVE GASOLINE ENGINE

Noguchi, M., Bunda, T., Sumiyoshi, M., Kageyama, J., Yamaguchi, S., (NASA, Lewis
Research Center, Cleveland, OH), Fourth International Symposium on Automotive P:cpursicn
Svstems, V II, 1977, CONF-770430-P2(draft), =DB-77:140239
The Jet Propulsion Laboratory has reported on a method which allows an IC ﬂﬂgl

to operate at a =upe: lean a/F ratio by using a nyd:ccen supplemented fuel. This ‘akes
possible a reduction in ¥ emissions as well as an improvement in fuel economy.
Aprplying chis method to a Zarbureted three valve vrachamber engine, a low NO, emission
level and improvec Zuel eccnomy can be expected with a snaller amount of hydrogen because
of the combined efZects of the hydrogen supplement ard the inherent low NO_, emission
characteristics of the engine. A prototype on-board Iuel reformer was developed and
laboratory tests were conducted to determine =zhe 2ffects of the amount of reformed Zuel
on combuswtion. The results of these %ests are discussed. On the Japanese t2st cvcle,-
an axtremely low O _ emission level was attained with relatively good fuel eccncmy.
dowever, in a limi=8d combination of engine size and wehicle weicht, engine rower was
sacrificed somewha:- because of =his lean combustion. A solution %o this problem, whil
maintaining the lower VO< emission lavel, is to adopt a richer air-fuel ratio and a ~<:ner
ECR rate. In this approdch, the amount of hydrogen must be increased to improve
combustion stability. For this purpose, methanol reforming was intreduced whe:ebv the
additicnal hydrocgen was supplied without any deterioration in energy efficiency.

{4YDROGEN PRODUCTION, ROAD TESTS)

373 32008  YEHTCLI TEST AMD EVALUATICN PRCGRAM OF THE C.3. POSTAL SERVICE

Nerman, T.A., Sivacky, 2.5., [NASA, Lewis Pesearch Center, Cleveland, CH), (U.S. Postal
Service, Rockville, D), Foursh International 3vmposium on Autcmotive ?zopulsicn
Systems, v 3, 1977, CONF-770420-2S (dz22%), IT3-77:140152

mhe "T.3. Dost Service nas a vested iatarest In encines and vehicle systams
which, whan 1seé in the deliverv 2né transgortation of mail, will minimize the
devendence upon 0il sased Zuels and will sifsr minimum life cycle costs. In th
duty internal corbusticn angine ar=a, diesels, stratiiled charge and hydrscgen Iu
ergines, aleng wish a zasoline / 2l2czril avdrid srorulsicn system wers schedule
encineeriag svaliation. Test resul:s on tie llesel and stratiilied charge engin
a sicnificant increase in fuel accnemy over the cresently used gascline engine.
on =he gascline =2ngine / electric aysrid systan indicate the need for najor coom
iesicn Zefsre acniaving cperaticnal data. Anaiysls 2nc laloratory tests Iondus
t2us far on <he hv:::geq zielad 2ngine indilate geomential Ior higher =fficiancy.
somgarzple small, Low terformance jaso.ine e:;;neq\wxll :% avaliatad.
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478 32009 HYDROGEN STORAGE IN VEHICLES -~ AN OPERATIONAL COMPARISON OF ALTERNATIVE
PROTCTYPES

Woolley, R.L., Simons, #.M., (Billings Energy Res Corp., Prove, UT), SAE Prepr.,
9 p., N76357Q0 Zor Meet, 13 refs, June 7-10, 1976

Performance parameters of several »rototype containers Zor storing hydrogen are
described. A crvogenic vessel and three metal nydride containers of similar design
but different size have been used in autcmotive serwvice., Hydrogen release rates
were controlled tc match with engine demand. All prototypes were able to sustain a
steady stats Zlow rate sufficient for vehicle cperaticn at normal cruise speed. In
order to illustrate the principle of hvdride operation, a pressure - temperature
history for recharge of a small portable hydride tank is given along with several

discharge curves with and without aeating.

(FUEL TANXS, AIR POLLUTION)

H78 32010 REFUZLING HYDROGEN TRANSIT FLEETS: PART B: DATA

Woolley, R.L., Bever, R.B., Rappleve, J., (NASA, Lewis Research Center, Cleveland, OH),
(Billings Energy Corp., Prove, UT), Fourth International Symposium on Automotive
Propulsion Systems, V II, 1977, CONF-770430-P2(draft), ZDB-77:140242

Data collacted while refueling a prototype hydrogen bus are discussed. The re-
fueling overaticn more severely limits the design of the vehicle tanks than does the
discharge condition, since the heat trans<er must te accomplished in a shorter time. .
These data indicate that 30 minutes is an attainable refueling seriod. A significant
fraction (40 percent) of the refueling takes place without heat transier as the hydride
increases in temperatura. This characteristic can be enhanced and used to advantage
such that a fleet tased on an hourly guick-recharge will have a lower orperational cost.
Sorption characteristics and thermal conductivity for the FeTi hydride used in the
vehicle ars reported.

(3CSEs, COST, IRON HYDRIDES)

878 32011 LEAN CCMBUSTION IN AUTOMOTIVE ENGINZS. AN ASSESSMENT OF THE ALDITION OF
HYDROGEN TO GASOLINE AS COMPARED TO OTHER TECHNIQUES

(Aerospace Corp., Sl Segundo, CA), 234 p., N77-82436
Avail:NTIS ) )
No abstract available

(FEASI3ILITY ANALYSIS)

H78 33001 EMISSIONS AND TOTAL ENERGY CONSUMPTION OF A MULTICYCLINDER PISTON ENGINE
RUNNING ON GASOLINE AND A HYDROGZN-GASOLINE MIXTURE

Cassidy, J.7., (NASA, Lewis Research Centesr, Cleveland, OH), May 1977, EDB-77:146090,
N77-23114 )
Avail:NTI3

A mulcicylinder reciprocating engine was used to extend the efficient lean operat-
ing range of gasoline by adding hydrogen. 3Both bottled hydrogen and hydrecgen produced
by a research me:zhanol sta2am reformer were used. These results were compared with
rasults Sor all gasoline. A aigh-compression-ratio, displacement procduction engine
was used. Apparent Zlame speed was used €0 describe the differesnces in emissions and
verformance. Therefore, angine emissions and performance, including apparent flame
speed and energy lost o the cooling system and the exhaust cas, were meagursd Qver a
range of equivalence ratios £ar each £uel. AlLl emission levels decxeased at the leaner
conditions. Aadding aydrogen significantly increased Ilame speed over all eguivalence
ratios.

(FUEL CONSUMPTION, MIXTURES, PIRFORMANCE TESTING)

473 33902 DERFORMANCE OF HYCROGEN-TUELZID RPECIPROCATING ENGINE

Cole, 2.3., (NASA, —ewis Pesearch Canter, Claveland, 2H), (Stevens Inst. of Tech.,
Zoboken, MNJ), Foursa Intarnaticnal 3vmosium on Aurchotive Profulsicn Systems, V I

-

1957, CoMF-771430-22{2zafsy, IIB-TT:L40226

The zhermodynamics ancé 2missions performance of diversa sxgerimental 2ngines
fueled with =vdrocen i35 summarized and somparad wish theore=ical (Zgel/air cvcle)
analysis of 3uch encines. ost Of <he excerirmental 32ata are Zrom naturallv-astirated
spark-izgnizicn engiﬁes =acugh several Zaca sers are Irom Zu l-in-ect2d 2ngines. The
fata are fcund o e nignly consistant with Iuel/air-cvecle anmalvys:s, and T 13 concluced

i gt
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that fuel/air-cycle znalysis provides both: (1) an apt (if often neglected) baseline
against which to comgpare both zast and Zuture encine serformance data and also,

(2) a suitable rzasis Zor describing the potential pericrmance of hydrogen-fueled
engines.

(CCMBUSTION PRODUCTS, THERMODYNAMICS, MIXTURES)

H78 33003 CHARACTERISTICS OF A SINGLE CYLINDER HYDROGEN-FUELED IC-ZINGINE USING
VARIOUS MIXTURE FORMATION METHODS

Drexl, K.%7., (Caimlsr-3enz Ag, Stuttgart, Germany), Gutmann, M., Holzt, H.P., (MASA,
Lewis Research Center, Cleveland, OH), Fourth International Symposium on Automotive
Propulsion Systems, vV II, 1977, CONF-77-0430, EDB~77:140237 ’

A survey is given of research work on hydrocen engines at Daimler-Benz, It is
shown that the output of the engine depends on the mixture formation method used.
Direct injection of hydrogen into the cyvlinder results in a gain in B.M.E.P. as
compared with mixture formaticn in the intake pipe. The engine operational parameters
were set to reach minimum fuel consumption and ninimum emissions. This involves
combined quality/quantity-control and a compression ratio of 7:1 to avoid knocking
at stoichiometric air/fuel-ratios.

(FUEL~-AIR RATIO, SPARK IGNITION)

478 33004 COMBUSTION ENGINE ~ FOR AIR POLLUTION CONTROL

douseman, J., (NASA, Pasadena 0ffice, CA), (Jet Propulsion Lab., Calif. Inst. of
Tech., Pasadena, Ci), NASA-CASE-NPO~-13871-1, 2 o., N77=-31497

An arrancgement for an internal ccmbustion engine is provided in which one or
more of the cwvlinders of the engine are used for generating hydrogen rich gases from
hydrocarbon fuels, which gases are then mixed with air and injected into the remaining
cylinders to be used as fusl. «Wnen heavy load conditions are encountered, hydrecarbon

fuels may be mixed with the hydrogen rich gases and air and the mixture is then injected

into the remaining cylinders as Zfuel.

(CARBURETORS, FUEL-AIR RATIO}

78 330435 DIRECT~-CONNECT TESTS OF HYDRCGEZN-FUELED SUPERSONIC COMBUSTORS

Big 22592 'S
Waltrup, P.J., Dugger, G.L., 3illig, F.S., Orth, R.C., (Sohns Hovkins Univ., Laurel,
MD), In Symposium on Combusticn Internaticnal, 1sth, Cambridge, MA, Aug 15-29, 1976,°

Proceedings, Cembustion Iastitute, 2ittsburgh, Pa, p. 1619-1629, 1977, NASA-suopported,
A77-43158 23-25, A77-43240

Direct-connect tasts of hvdrogen-fueled supersonic combustors were performed

using arc-heated air at combustor inlet mach numbers of 2.3 %o 3.2. Various axisymmetric

combustcr geometries of 5.89 and 6.36 CM (inner diameter) inlet were investigated:; the
fuel was inject2d from the wall either from a2 ring of equally spaced holes normal to

the air stream, or <rom a circumferential slct oriented 45 degrees downstream. Ta
nole-type injectors consistantly gave better resul:is. The effacts of various parameters
are examined, 2nd the terformance comparisdn procedure is cdescrized. A theorecical
model of the sugersonic cocmtusticn process which inclucdes a precembustion shock=
compression is used to explain the character of zhe observed pressure distributions

and to assess che effects of the measured 1eat transfer rates, deduced wall shear, and
combustor gecmetry on peridrmance.

{HEAT TRANSFER, TEMPERATURE EZIFFECTS)

H78 32005 HYCROGEN ENGINE/NOx CONTROL BY WATER INDUCTION

Weelley, R..L., Andersen, Y.R., (NASA, Lewis Research Centar, Cleveland, OH), (3illirgs
Znergy Corp., Prove, UT), Fourth Internaciocnal Sympesium on Autometive Propulsion
Svstems, V 3, 1977, CONF-7704320-P23(dralit), IPB-T7:140245

Wazer induction in 2 aydérogen engine is an 2:fective means =c reduce production of
oxides of ni-rogen and also <o suppress Ilashback. 7Two methcds of inducting the water
are comparad: (1) spraying inco the air-nvdrogen mixture in the incake manifold and
{2) spraving inzo the hydrogen stream $rior ©o mixing With 2air, The second method is
consideraply morz effsctive, DPower and 2Ificiency are 2ssentially unaffactad by water
adéi=icn. <Thais makes coss:bls a vervy simdle on/cIf design that is switcched by tae
2ngine throzstie.

a
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H78 33007 AN ZXPERIMENTAL INVESTIGATION OF COMBUSTICN PERFORMANCE OF LOx/GH2
ROCXET CCMBUSTOR WITH COAXIAL INJECTORS

Suzuki, A., Yatsuyanagi, ¥., Gomi, H., Sakamoto, H., (Maticnal Aerospace Lab.,
Tokyo, Japan), 33 »., N77-72931, In Japanese, EZnglish summary
Avail:NTIS

No abstract available

(ZFFICIENCY, FUEL INJECTION)

H78 34001 FUEL CELL TECHNOLOGY PROGRAM

Bell, D., (NASA, Manned Spacecraft Center, Houston, TX), July 1970, EDB-77:146018,
N70-40974
Avail:NTIS

No abstract available

(FABRICATION, MATERIALS, PERFORMANCE TESTING)

E78 34002 NICKXEL-HYDROGEN STORAGE BATTERY FOR USE ON NAVIGATION TECHNOLOGY
SATELLITE-2

Betz, F., Stockel, J., Gaudet, A., (Naval Res. Lab., Washington, DC), Eleventh
Intersocisty Energy Conversion Engineering Conference, p. 510-316, 10 refs, 1976, Amer.
Inst. Cher. Engrs., New York

Naval Research Laboratory (NRL) and intelsat have enterad into an agreement %o
£light test a nickel-hydrogen battery. Intelsat is providing the nickel-hydrogen
cells, NPL is integrating these cells into the spacecraft energy storage system. This
paper presents a descrigtion of the nickel-hydrogen cells. Design features include
electrochemically impregnated positive electrodes, asbestos separators, anéd taflon-
backed pilatinum negative -electrodes. The £licght mission plan is to use the nickel-
hydrogen battery as the prime power source éduring eclipse periods in a medium-aliitude
satellite with a 3-year minimum life. The mission regquires full load operation of
approximately 3253 W throucgh all ecligses. The thermal design objective was %o maintain
the battery temperature petween (0 degrees and 24 degrees during normal operation.
Results of thermal vacuum testing have verified the design objectives and the use of ©
tanmperature for charge control. R -

.

(SPACECRAFT ENERGY)

478 34003 TARGET CAPITAL COSTS FOR THE IMPLEMENTATION OF FUEL CEILLS AND ELECTRIC
STORAGE DEVICES WITHIN THE NATIONAL ZNERGY SYSTEM

Braun, C., Cherniavsky, Z.A., Salzano, F.J., (3rookhaven Naticral Lab., Upton, NY¥),
Zlectrochemical Society, Inc., Philadelphis, ®A, 1976, EDB-77:127657

The allowed capital ccst for the intreduction of fvel cells and slectric storace
devices into the year 1985 Naticnal Znergy System ars examined, utilizing the
Brookhaven Znergv 3System Optimization Model (BESOM). The storage devices are character-
ized by their overall =2lectric-to-electric conversicn efficiencies and by their expected
lifatimes which are varied parametrically over the entire rance of fzasible efficiencies
and lifetimes, Clectric storage devices are considered as peaking plants, operating
at load Zfactors of 0.033, 0.10, and 0.20. The possikle introduction of electric storage
plants to intermediate load service at a load factor of 0.50 and to both intermediate
and peaking lcad generation when operating on a weekly instead of a daily cycle, is aiso
considered. The capital costs at which these devices beccme economically attractive are
calculated using the marginal values cbtained Zrom the linear programming orcblem
soluticn. The break-even capital costs (which include caritalized operaticn and nain-
tenance expenditures) ares computed as a funczion of the zonversicn efficiencies and
axpected lifsctime Zor wvarious residual znd distillate fuel oil prices.

(COAL GASIFICATICN, PCWER DEMAND)

278 34004 ZYTROGEN=-AIR TUEL CELLS
3reella, v., Cheron, J., ZeGoktert, 2., Grehisr, ., Rev., CGen. Zlectrx., France, V 86:25-20,
Vi, Jam 1377, In Trench

Tollcwing 2n exslanation of aydreocen-alxr fuel cell gprinciples and of its building
and orerating S2atures, zhe prograss made in =his field during vears 19367-1377 :i5
iiscussed, 2.%., increased alactrcde serformances, orogress in fuel-cell building
technigues ancd hatteries auxiliary 2gquizment. The interest of hvdrogen-air fuel cell
i3 2nihanced zv the future zrespectes of avdrogen as a widespread availaple fuel, Zue to

21
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the nuclear plant development. Fuel cell batteries are expected to be used as
autonomous power units (power capacity greater than 400 WH/KG) and in automotive
electric traction.

(ENERGY CCONVERSION)

278 34005 FUEL CELL RELIABILITY ASSESSMENT. QUARTERLY PROGRESS REPORT,
JULY 8 - OCTOBER 3, 13967

3runo, R.?., (Allis-Chalmers M£g. Co., Milvaukee, WI), V 29, 2 XW units, Nov
25, 1967, EDB-77:146023, N68~11327
Avail:NTIS $3.00

i No abstract available

.

(FLOW REGULATORS, SERVICE LIFE)

H78 34006 TOWARD IMPROVED PRIMARY ELECTROCHEMICAL POWER SYSTEMS

Cechn, =Z.M., (NASA, Washington, DC), 1967, IDB-77:146017, N68-276384
Avail:NTIS $3.00
No abstract available

(ALCOHOL FUEL CELLS, STORAGE LIFE)

H73 34007 NEW MATERIALS FOR CLUOROSULFONIC ACID ELECTROLYTE FUEL CELLS. ~TFinal
Technical Report, CCT 7, 1974 - APR 7, 1977

George, M., Januszkiewicz, S., (Energy Research Corp., Danbury, CT), 49 »2.,
N78-12531 N
Avail:NTIS

fdydrogen-air fuel cells were evaluated with both TFMSA monohydrate and dilute
TFMSA. Pressurized monohvdrate ceslls were run at power levels comparable to phosohoric
acid fuel cells under similar conditions. Fuel cells with from 25 to 60% TFMSA wers
evaluated at 25 and 70°C. A cell with S50% TFMSA was run for over 2,000 hours at room
temperature without acid replenishment. Power densities in axcess of 130 MS/SQ CM
could be achieved at ambient temperatures and prassures with low loading catalysts.
The evaluation of supported platinum and tungsten carbide catalyst with dilute TFMSA
was initiated. Silicon carbide was investigated as a matrix material with TFMSA.

.

(ELECTROCATALYSTS, SILICON CARBIDES)

4738 34008 SOLID-ELECTROLYTE BATTERY, PARTICULARLY FOR THE STORAGE QF ELECTRICAL
ENERGY : '

Rohr, F.J., U.S. Patent 4,038,462, July 26, 1377, Patent also relevant to fuel cells,
ECB-77:139706

A sclid-electrolyte battery, zarticularly Zor the storage of electrical eneragy,
has at least cne anode space and one cathode space farming elactrode spaces, which are
connected with one another by ionic conducticn through a solid electrolyte and have
collecting and equalizing staces for the reactants and reaczion products. The solid-
electrolyte battery includes a number of garallel-ccnnected, hole-like electrode spaces
including anode and catihode 3spacas, which are bounded by %he s0lid electre yte and
distributed alternately and close together, so that each of the electrode spaces
Presents reaction surfaces simultanecusly to at least two neighboring electzode spaces
of the opcesite polarity.

(DESIGN, VEHICLES, FUEL CEZLLS)

278 34009 ZNERGY SAVINGS THROUGH QON¥~SITE TUEL CZLLS IN INDUSTRIAL APPLICATIONS

Voelker, G.IZ., {(EZRDA, Tuel Cell 3ranch, Washiangten, 3C), 3clan, P., (United
Technologies Corp., Power Systems Div., Tarmingtan, CT), In Intersociety Snergy
Conversion Zagineering Conference, 12th, Washingten, 3C, Aug 28 =~ Zept 2, 1977,
Proceedings, American Muclear 3ociety, Inc., La Grange Park, IL, V 1:456-480,
1377, (A77-48701 23-44), AT7-43732

Cogeneration with electric generating 2cuism located 3t or near the load
rather than centrallv stied can srovide ! ns of conserving snergy
rescurges. The 2nercy savings wiaich 2ou i in cerwain induastrial asnli-
catiuns Dy use 29I cn-site Zfuel cell zcwer Seen examined. Twelve industxrial
processes were selected for studvy. A fue specified Icxr e2ach c¢f e
~welwe salected incdustrial zrocessas and nsumpticn was de<termined

in 2ach case. Ileven of =he <welve 22cl
electricicy precduced oV the Stuel cell.

b arec neat as well 2s the
and i1a Icur processes Jdirect current elec

ss ov-sroduct el was used
ied., ‘when comzared with
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traditional energy resource consumption in each process, significant potential
savings were found in all cases. In five of the precessas studied, savings exceeded
20%. Overall, for the twelve processes investigated, extensive use of on-site fuel
cell systems could result in resource savings ol 190,000 barrels of oil (equivalent)
cer day.

(COMSERVATION, ELECTRIC POWER PLANTS)

H78 34010 SLECTROCHEMICAL ENGIMNEERING

(Pennsylvania Univ., Philadelphia, PA, Inst. for Direct Energy Conversion), Anodic
Oxidation of Hydrogen in H,50, on Platinum tlectrodes, Dec 1968, EDB~77:146044,
N69-34813 - ’
Avail:NTIS

No abstract available

(ANALYTICAL SCLUTION, ELECTRIC CURRENTS)

H78 34101 NEW MATERIALS FCR FLUCROSULFONIC ACID ELECTROLYTE FUEL CELLS. INTERIM
REPCRT NUMBER 3, DEC 1975 - OCT 1976

abens, S$.G., Baker, 3.S., George, M., Januszkiewicz, S., (Energy Research Corp.,
Bethel, CT), Feb 1977, AD-A-036988, EDB-~77:132038
Avail:NTIS

Hydrogen-air fuel cells were avaluated with both TFMSA (:trifluoromethane
sulfonic acid) monchydrate and cdilute TFMSA. Tolerance against flooding was increased
by use of thick suprorted catalyst electrodes with the monohydrate. Fuel cells with
63 percent TFMSA were operated at rocm temperature Zor over 1,000 hours with no
significant decay. The evaluation of supported platinum and tungsten carbide anode
catalysts with dilute TFMSA was initiated. Silicon carbide was investigated as a
matrix material with TFMSA.

{CATALYSTS, PERFORMANCE TESTING)

H78 34102 HEAT AND MASS TRANSFER ANALYSIS OF BACON-TYPE HYDROGEN-OXYGEN FUEL CELLS:
THE VOLUME AVERAGE VELOCITY

3ayazitoglu, Y., (Univ., of Houston, Houston, TX), Smith, G.E., Int. J. Hydrogen Energy,
V 2:139-153, N2, 1977, EDB-77:137383

A model is developed to study the transient electrolyte water evaporation and
heat rejection in an operating Zuel cell. The modal applies to fuel cells which ciz-
culate reactant gas in excess of that consumed in the slectrochemical resacticn to
remove the product water as well as heat. The model mass transfer equaticns are
expressed in terms of volume average velocity. It has been shown that the mathematical
representation of the volume averace velocity model is attractive for computaticnal
purposes, since the wvolumetric disaprearance of electrolyte volume for a fixed control
volume in space would vield 2 change in concentration as would actually cccur due to
diluticn. Because of the non-linearities associated with the developed mcdel
eguaticns, the finits-difference tecanique is used to obtain solutions. The implicit
finite-difference scheme was selacted 50 as to avoid the stabiliiy criteria associated
with the explicit form, which places an undesirable restriction on the size of the time
increment that can be used. After i:ts accuracy had been estaclished, the method was
used t5 study an crerating bacen-type hydrogen-oxygen Zuel cell.

(ELECTROLYSIS, MATHEMATICAL MODELS)

H78 341023 LOW TEMPERATURE HYDROGEN CELLS OF THE C.G.E.: EXISTING BATTERIES aAND
UTURE PROSPECTS

9]

DuBois, 2., Zdéecn, C., Ccmpagnie Generale D'Electricite - CGE, 75, Paris, France,
1867, ZCB-77:146034, N68-28729, In french anéd Enclish

N -
availiNTI

N¢ abstract available

{ZLZCTRODES, STORAGE)

£73 24104 PARAMETRIC MASS AMALYSIS AND CCMPARISON OF TWO TYPES JF REACTRD
CCCLING-AND=STOPAGZ LNITS TOR A LUNAR-3ASED JYCDROGZN-OJXVSGEN REGENERATIVE

TmyeERT _ meme e mepmmenag
A b s bdad ) o ke’

» g
SN Y
-

Facgedorn, JV.H., (NASA, lewis Research lanter, Cleveland, CH), Feb 1968, =ZDB-77:145029,
63~1lgo3l
Awvail::N7TIS 53.00

No abstract available
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278 34105 DUAL MEMBRAME, HOLLOW FIBER FUEIL CELL

Ingham, J.D., Lawson, D.D., (NASA, Pasadena, CiA), Feb 3, 1977, ECB-77:146020,
N77-19581,
Avail:NTIS

A gaseous Zfuel cell is described which includes a pair of electrodes formed by
open ended, ion-exchanga hollow fibers, =ach having & layer of metal catalyst depositad
on the inner surface thereof and large surface area current collectors such as braided
metal mesh in contact with the metal catalyst layer. A fuel cell results when the
electrodes ars irmersed in electrolyte and electrically connected. As hydrogen and
oxgyen flow through the bore of tie fibers oxidation and reduction reactions develop
2n electrical potential. Because the hollow f£iber configuration provides large
elactrode area per unit volume and intimate contact between fuel and oxidizer at the
interface, anéd Because of the low internal resistance of the electrolyte, high power
densities can be cbtained.

(DESIGN, ELECTRODES)

H78 34106 SEALING OF SILVER OXIDE~ZINC STORAGE CELLS. QUARTERLY RE?ORT,
DECEMBER 23, 1967 - MARCH 23, 1363

(Douglas Aircraft Co., Inc., Newwvort Beach, CA, Astropower Lab.), Miniature Hybrid
. Fuel Cells for Pressure Control, Mar 23, 1968, ELCB-77:145843, N68-27645
Avail:NTIS $2.00

No abstract available

(PERFORMANCE TESTING, GASES, BATTERIES)

78 34201 DEVELOPMENT OF CATHCDIC EZLECTROCATALYSTS FOR USE IN LOW TEMPERATURE
H,0, FUEZL CELLS WITH AN ALXALINE ELECTRCLYTE. QUARTERLY REPCRT,
JANCARY 1 - MARCH 31, 19638 :

Giner, J., Parxy., J., Swette, L., Cattabrecga, R., (Tyco Labs., Inc., Waltham, MA),
Mar 31, 1968, EDB-77:146033, N68-25891
No abstract available

(CATALYSTS, NICXEL CARBIDES)

-
H78 34202 TESTS AND EVALUATICN OF FUEL CELL CATALYSTS. Final Report, ) .
MAY 3, 1967 - MAY 3, 1968 C .

Flannery, R.J., Waters, R.F., (American 0il Co., Whiting Ind. Research and Development
Dept., Whiting, IN), May 3, 1968, EDB-77:146031, N68-22236
No abstract available

(CIROMIUM COMPOUNDS, CORROSION RESISTANCE)
H73 34203 TEASIBILITY STUDY OF HIGH TEMPERATURE HYDROGEN-OXYGEIN FUEL CZILLS.
Final Technical Report
Okrent, E.H., Liekerman, M., Zeath, C.E., (£330 Research and Engineering Co., Linden,
NJ), Dec 1967, ECB-~77:146024, N638-22889
Avail:NTIS $3.00
No abstract available

(EFFICIZNCY)

H78 34204 DEVZLOPMENT OF AN IMPROVED OXYGEN ELZCTRCDE TOR USE IN ALKALINE HZOZ
FUEL CELLS. QUARTERLY REZORT, JANUARY 1 -~ MARCH 31, 1963

(Bur=au of Mines, Pittsburgh, PA, Pittsburgh Cocal Research Canter), Mar 31, 1963,

ES3-77:132041, N63-22706

Avail:NTIS £3.00

No akstract available

(CATALYSIS, CATHCDES)

N ALKALINE ¢

Y
[e]

78 34601 SEVELOPMENT OF AN IMPROVED JXYGEN ZLICTPOCE FCR USE I 1,0,
FUEL CZLLS. AQUARTIRLY 3EPCRT, APRIL 1 - JUUE 20, 1967

Akhear, S§., srein, <.T., >ienl, R.C., Rvback, W.di., 3ienstock, D., (Bursau <34 2in§s,

Piztstursh, ?3a, 2itssbursh Ccal Research Zenzer), Transiticn Ila2ment Zormpounds and
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allcys, Jure 30, 1967, EDB~77:146027, N68-10251
Avail:NTIS $3.00
o abstract availabple

(CCBALT ALLOYS, X-RAY DIFFRACTION)

B78 24802 PROPERTIZS OF TUNGSTEN CARBIDE IN ELECTRODES FOR FUEL CELLS WITH ACID
ELZCTROLYTES

Binder, H., Kohling, A., XKuhn, W., Lindner, W., Sandstele, G., (3Battelle Pacific
Northwest Labs., Richland, WA), Energy Conversion, V 10:253-28, 1970, N77-76354,
In German, EZnglish transletion

No abstract available

(YATESRIALS ANALYSIS)

H78 24603 SIMPLEX OPTIMIZATION OF CARSON ELEéTRODES FOR THE HYDROGEN OXYGEN MEMBRANEZ
FUEL CELL

Caynewa, J., Wodzki, R., (Torun, Uniwersytet, Torun, Poland), Journal of Power Sources,
Vv 1:323-331, Sept 1977, A77-50200
No abstract available

(PRCGRAMMING, ION EXCHANGE)

478 34604 THE HYDROGEN ELECTRODE IN MOLTEN CARBONATE

Vocel, W.M., lacovangelo, C.D., (United Technologies Advanced Fuel Cell Research
Lasoratory, Middletown, CT), Electrochemical Society, Sournal, ¥V 124:1305-1209,
Sept 1977, A77-~46443

Oren-cirsuig potentials are reported for the hydrogen (Au) electrode in molten
carbonate at 650°C. The data, with few excepticns, agrae with thermodyramic values
calculatad assuming simultaneous equilibrium of the shift and the methane reactions.
The exceptions are those instances where methane has to be oxidized almost completely
to reach equilibrium, and those where carbon can form during preheating of the gas.

(REACTION XINETICS, ALKALI METAL COMPOUNDS)

H73 35001 UTILIZATION OF OFF-PEAK POWER TO PRODUCE INDUSTRIAL HYDROGEN. Final Report

Biederman, N., Darrow, X., Jr., Konopka, a., (Institute of Gas Technolegy, Chicago, 1L},
193 »., Aug 1975

The purpose of this study of the use of ofi-peak electricity %5 produce industrial
hydregen was to provide an analvtical methodology for determining the economic and
technical feasibility of using off-peak power to generate hvdrocen that can 4<hen be
s0ld to industry as a fuel or commcdity. Such a scheme micht represent an attraczive use
cf ofi-peak power and could provide the Zirst step =oward builéing a aydrogen-energy
system. This report comprises three major sections: 1) Market, which discusses the
current and projected uses of nydrogen along with the lixely market price siiuations.
This section also presents briefly the market ovportunities for oxygen. (2) Econcmics of
Hydrogen Producticn, Storage, and Transportation, which provides £he baseline data re-
quired for utilities to calculate a cost of alectrolytic hydrogen for a specific situaticn
and *o compare that with %the cost of alternative hydrogen production. This section
likewise briefly addresses oxygen storage and transportation costs. (3) Methodology,
wnhich describes, wvia several scecific examples, the methodolegy Icr calculating a aydrogen
croduction cost and matching that with 3 likely nmarket srice. This secticn recognizes
the unigueness of individual utilitv situaticns and the necessity cf providing the
individual utility with the ability to periform 1ts own analyses.

(INDUSTRIAL PLANTS, STORAGE)
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IV,  TRANSMISSION, DISTRIBUTION, AMD STORAGE

HE78 40001 PROCESS EEAT PLANT CCNTAINING SOME REACTION CHAMBERS KEATZD 3Y THE COOLING
GAS OF HIGH TEMPERPATURE REACTOR i

Baumgaertner, H., German, FRG, Patent 2,435,507,A, May 26, 1976, EDB-77:131622, In Cerman

The invention is concerned with the arrangement of the _Components of gas duc*s of
the parts within the prestressed concrete pressure vessel of the gas coolant-circuis
(primary cizcuit) of a process heat plant for producing hydrogen which is heated by the
gas of a high-temeprature nuclear reactor, All the components are removable separately
and are well accessible. The neat is directly conducted to the reaction chambers
without an intermediate circuit. The gas coolant circuit is divided intc- several
identical loops Installed in pods darranged symmetrically around the hlgn temperature
reactor within the wall of the vessel. On backfeeding, the cocol gas is conducted in a
by-pass around the high-temperature compcnents. An example explains in detail the
proposed arrangement.

(PRODUCTION)

H78 40002 HYDROGEN TRANSMISSION - THE SIGNIFICANCE OF EFFICIENCY - IN COMPARISOM
WITH CONVENTIONAL EZLECTRIC PCWER SYSTEM

Falcone, C.A., (American Electric Power Service Corp., New York, NY), In Eneray
Development II, Institute of Electrical and Electronics Engineers, Inc., New York,
P. 79-82, 1976, A78-10729 01-44, A78-10736

In a compariscon of the efiiciency of a cenventicnal electric power system with
a hydrogen-electric system, it is shcown that energy conversion losses in the hydrogen
system would result in much higher total energy consumpticn and woulé require greater
powexr plant capacity for the same level of delivered energy. It is suggested that
energy from a hydrogen-electric system would not only be more cost;j, but would result
in a con51de*ably greater environmental impact.

(CCST EFFECTIVENESS, CONVERSION)

H78 40003 ASSESSMENT OF HYDROGEN AS A MEANS TO STORE SOLAR ENERGY

Ramakumar, R., (Oklahoma State Univ., Stillwater, OK), Sharing the Sun: Solar
Tachnology in the Seventies, V 8, Boer, K.W., ed., american Section of the Internatsonal
Solar Energy Society, Cape Canaveral, FL, 1976, EDB-77:131084

A brief review and assessment of the use of hydrogen as a means %0 store solar
energy is presented. Electrolytic and non-electrolytic methods proposed for hydrogen
producticn frcm solar energy, hydrogen storage methods and utilization %fechnigues are
surveyed. Overall system concepts with several manifestations of solar energy as
inputs are discussed alcng with their efficiencies and sconomic aspects.

(3IOSYNTHESIS, ECONOMICS, REVIZWS)

278 40004 HYDROGEN STORAGE AND PRODUCTION IN UTILITY SYSTEMS. ANNUAL PROGRESS REPORT

Salzano, 7.J., ed., (Brookhaven National Lab., Upton, NY), 105 p., N77-74344
Avail:NTIS
No abstract available

(BATTERIZS, TEMPERATURE ZFFECTS)

H78 40005 A NEW FAMILY OF HYDROGEN STORAGE ALLOYS ZASED ON THE SYSTEM NICXEZL-
MISCEMETAL-CALCIUM

Sandrock, G.D., (International Yickel Co., Inc. Paul D. Merica Research Laboracory,
Suffsra, NY), In Iaterscciety Znergy Conversicn Zaglneering Conference, l2th, Washington,
?S. 54; 28 - Sept 2, 1377, Proceedings, American Nuclear Socisty, Inc., La franga Ddark,
iL, V7 1:951-953, 1377, rasearch supoorted bv the International Vickel Company,
A77-48701 23- 44, A77-4881l7

A family of low-cost intermetallic aydrogen s ge compounds based on the

tora
formula Ca W( l.115 has been cevelored. M is the standard rare earth alloy mischretal

and x can be varied from § %0 1. The basic crorerties are sresentad as a Suncsion cf
X, including pressure-rtamperature-ccmpesition relactions, 2ase = zctivation, heats of
reacticn, =r=lative mazsrials cost, melsoi € other mezzllurg:ical considerations, and
c-yata structure c¢orrelaciens. The fiars saveral ilasirable jropert;-s inciud-
‘ng raw materials costs cer unit of aydrccen sicrage cacaciiv less <han one~third +<hasn
o presens LAN1S, rzoon semrerature plateau gressures rancing from 30 to 0.3 ATM, very

a

’
low hystereis, and 2asy aczivation.

(CCST FEDUCTICN, CLEXN ZUERSGY)
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H78 40005 AN OFF-PEAX EUERGY STORAGE CONCIPT FOR ZLECTRIC UTILITIES. I - ELZICTRIC
UTILITY REQUIREMENTS

Sulzbercer, V.T., El-Badry, Y.Z., (Public Service Zlectric and Gas Co., Newark, NJ),
ClifZord, J.2., Brcoman, =.W., (3attelle Columbus Laborztories, Columbus, OH!,
Acplied Znergy, V 3:167-188, July 1977, Research supported by the Battelle Columbus
Laboratories, a77-49%9348

A water battery was evaluated in an analytical and conceptual design study as a
load-lsveling system for an elactric utility. The water batiterwv produced hvdrogen and
oxygen by electrolysis of water during periods when off-peak electrical oower was
available. During peak demand periods, tle water battery, operating in the reverse
mode, functioned as a fuel cell by producing electrical power through the recombination
of the oxygen and hydrcgen held in its storage vessels. Factors considered in the
analysis include present and future energy requirements, currant off-peak energy
- availability, typical sizing and placement of energy storage units, and the approximate
break-even economics and potential advantages to the utility of a water battery
energy storage system. In the cost effectiveness analysis, the water battery was
compareé with gas turbines and fuel cells.

(COST EFFECTIVENESS, ECONOMIC ANALYSIS)

H78 40007 = ERXRDA'S CHEMICAL ENERGY STORAGE 2ROGRAM

Swisher, J.H., (ERDA, Div. of Energvy Storage Systems, Washington, DC), Xellev, J.H.,
(California Institute of Technology, Jet 2ropulsion Laboratory, Pasadena, CA), In
Intersociety Energy Conversion Engineering Conferencs, 12th, Washingten, DC, August 28 -
Sept 2, 1977, Proceedings, American Nuclear Society, Inc., La Grange Park, IL, V 1:533-
539, 1977, (A77-48701 23-44). A77-48763

The chemical energy storage program is described with emphasis on hydrogen storage.
Storage techniques considered include pressurized hydrogen gas storage, ¢ryogenics liguid
hydrogen storage, stcrage in hydride ccmpounds, and aromatic-alicyclis hydrogen storage.
Scme uses of 2nergy storage are suggested. Applications of hydrogen energy systems in-
clude storage oI hydrogen for utilities load leveling, industrial marketing of hydrogen
beth as a chemical and as a fuel, natural gas supplementation, wvehicular apolications,
and direct substitution for natural gas.

(CRYOGENIC FLUID, HYDRIDES, PRESSURE VESSELS)
b s

H78 40101 CO STEAM - THE NEWEST COAL LIQUEFACTICN PROCESS .
Appell, H.R., (ERDA, Pittsburgh Energy Res. Cent, PA), Monogr. on Alternate Fuel
Resour. Based on Pap. Presentad ac the Symp. on Alrarnate Fuel Resour., Santa Maria, *
§§§ Mar 25-27, 1976, Publ by West Period Company, North Hollywood, CA, AIAA, V 20:74-79,
976

COSteam is a process for the conversicn of lignite and some hituminous coals to
a lcw-sulfar, low-ash, industrial fuel oil using synthesis gas (carbon monoxide plus
hydrogen) and water in place of hydrogen. The mineral components naturally present
in the coals used in this prccess provicde =enough catalvtic activity so that the oresence
of added catalysts is not necessary. Conversions gf£f coal :o fuel oil plus water and
gas average near 90 percent at =emperatures of 425° to 430°C and can rressure 3,000 to
4,000 ?SIG. In the case of lignite, the conversions with synthesis gas are actually
iligher than those obtained with hydrogen at the same conditions in the absence of
added catalysts. In the case of bituminous coals, the use of synthesis gas does not
result in higher yields, compared to hydrcgen, but resulis in lower processing costs.

(LIGNITE, ZCONOMICS, SYNTHESIS GAS)

H78 40192 COAL LIQUEFACTION SUPPORT STUDIES,
TASK l: dZAT CF REACTION OF HYDROGEN WITH COAL SLURRIES.
TASK 2: HEAT TRANSIER COEFFICIENT
QUARTERPLY REPQRT, CCT =~ DEC 1L37%

Fischer, ., Lo, R., Mulcahey, 7., fredrickson, D., Cannon, T., Jonke, A., (Argonne
Yatioral Lab, IL), 16 2., N77-35045
avail:NTIS

No abstract available

(SNTHETIC FUELS)

H278 40193 LIQUIFACTICYN SUPPORT STUDIES.
T TASX 1: HEAT OF REACTICN OF HYDROGEN WITY COAL SLURRISS.
TASK 2: HEAT TDANSFER COEFFICIINT
ACARTERLY XEPQRT, JANUARY - MARCH 1377

Tischer, 5., Youne, J., Lo, R., Mulcanev, 7., Fredrickson, >., Zannen, T., Jonke, 3.,
{Argenne lational Lak., IL), 2 zefs, 1377, ANL-77-

Avail:uTIs
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A develorment program is zeing ca ed cur tc obtain information applicable to
the syntheil process for converting co ¢ liguid Zuel of low sulfur content. This
repcrt prasents information on: (1) a lorimeter to measure heat of reaction of
hydrogen with ccal slurries and (2) the censtruction status and a test program for the
apparatus for measuring heat transfer coefficients of synthoil feed and effluents.

(MOLYBDENUM SULFIDES, PERFORMANCE TESTING)

‘H78 40104 STUDIZS OF HYDROGZN LIQUEFIER EFFICIEZNCY AND THE RECOVERY OF TEE LIQUEFACTION
ENERGY

Voth, R.Q., Parrish, W.R., (National Bureau of Standards, Cryogenics Div., Boulder, CO),
63 p., Aug 1977, (Report No. N3SIR-77-862), Project No. NBS-2750153

Liquid aydrogen is a potential synthetic fuel. It is nonfcssil, its production
and storage technology is well developed, and it is inherently nonpolluting. Hcwever,
the economics of liquefying hydrogen are costly both in the energy requirad to produce
the liquid and in the capital costs of the liquefiex. These costs could be reduced
by increasing the liqueiier eZficiency and/or by recovering a portion of the licuefaction
energy at the use site. This paper provides the maximum aydrogen liguefier efficiency
based on the efficiency of available components and the fraction of origiral liguefaction
energy that can bYe recovered at the use site. ince the inefficient compressors and
axpanders are the majocr cause of liguefier inefficiency, no increase in liguefier
efficiency abcve the current 30 to 35 percent is orobable without a corresconding in-
rease in compressor and expander efficisncy - a difficult task since beth the compressors
and expanders have a long and stable history of develovment. However, roughly cne-third
to one-half of the actual energy requirad to liguefy hydrogen can be recévered at the use
site and this represents a cost credit for ligquié hyvdrogen.

(COST ANALYSIS, EVALUATION, EFFICIENCY)

273 40301 THIN FILM ATOMIC HYDROGEN DETECTORS. ~Final Report

Gruber, C.L., {South Dakota School of Mines a2nd Technology, Rapid City, SD, Department of
Electrical Engineering), NASA-CR-152605, NAS5-23470, 33 p., N77-33482
Avail:NTIS

Thin £ilm and bead the*mlsto' atomic surface recombination hydrogen detsctors were
investigated both experimentally and theoretically. [Cevices were constructed cn a thin
mylar £film substrate. Using suitable wheatstone bridce taechniques sensitivities of 30
microvolts/2 x 1013 atoms/sec are attainable with response to time constants on the
order of 5 seconds. -

(MEASURING INSTRUMENTS, THERMAL ENERGY) . “

.

H78 40401 INVESTIGATION OF CRYCGENIC CYCLES WITH WET VAPOR ZIXPANSION MACHINES

rdashev, V.I., Mikulin, E.I., Plachendovskii, D.I., Zholsharev, A., (Moscow Higher
Tech. Sch. MN. E. 3auman, USSR), izv Vyssh Uchebn Zaved Mashinostr, p. 87-32, W3, 1977,
In Russian
Analysis is given of cvcles of cryogenic air, hydrcgen, and nelium liquefyin

installations with wet vapor expansion machines instead of a throttle at the lower
stage of cooling. They are compared with similar cycles that include a throttle,
other conditions being esgqual. The comparison concerns energy consumption zer unit of
the cryogenic product and the conventional specific heat transferring surface of
liguefier heat exchangers.

(HEAT EXCHANGERS)

#73 40601 ALTERNATIVE FORMS OF ENERGY TRANSMISSICN FROM OTEC PLANTS

Konopka, A., Biederman, Y., Talib, A., Yudow, 3., (Iastitute of Gas Technology, Chicago.
L), 1977, CONFP-770331-3, =DB-77:124316
Avail:NTIS

The =ransmission of OTEC-derived vuenxcal ard electrical 2nergy is compared. The

chemical energy~carriszrs cconsidered are the Sollowing: gasecus and liguid avdrogen,
liugid ammonia, methauol, gasoline, “"c*az;ne avérate, anhvdérous hydrazine, unsymmetzical
dimechylaydrazine (UZMH), 1, “-octaceyne, and :et:ahvd::dicyclcpentadiene. The
assessment assumes -"at each of the 2above 2ner carriers were transcorted pv targe and/
cr pipeline. The delivered costs were zhen T "a:ed wlth transmission cof eleczricizy

by submarine cables. 32ecause chemacal 2nd elecirical enercy 3rs not eguivalent, however,
their comparison can only ze Jone after the Jutsuts are converzed =9 3a common Iorm

Thus, in ;A:;:;:n 2 presenting the deliwvered c¢ost and sverall energy =23Ziciency oI zhe
chemical enercy-carriars, we nave crovided a Ziscussion of zhe ecuipment, costs, and
efZiciencias oI VCﬂver:;rg the avirocen ani ammenia celivered inceo electricity, and zhe
alactriciey daeliveresd intc aydreogen and amrmcnia. A concise techniczal assessment angd
2conomic analysis oI components asscciates with the conversion, stcrage, transportation,
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and shore-based receiving facilities for the conversion of OTEC mechanical eneray

to chemical energy is provided and compared to the conversion and transmission of
electriczal pcwer. Results conceraing the hydrogen and ammonia arnalysis were determined
as part of the OTEC program at IGT from Mav 1375 through May 13976 under contract No.
NSF-C1008 (AZR-~75-00033) with the Naticnal Science Foundation and ERDA. information
concerning carbonaceous fuels and high-energy fuels production was developed as part

of the current IGT OTEC program under contract No. Z(49-18)-2426 with ERD:X.

(ZCONOMICS, EFFICIENCY, FEASIBILITY STUDIZS)

H78 40602 PRODUCTION OF HIGH-BTU OIL GAS IN A CYCLIC~REGENEPATIVE PILOT UNIT WITH
HYDROGEN AS CARRIZR GAS

Reid, J.M., Bair, W.G., Linden, H.R., (Institute of Gas Technology, Chicago, IL),
J. Inst. Fuel, p. 325-334, July 1353, ECB-~77:131047

The results of a study of the production of high-3TU oil gas by cyclic thermal
cracking of petroleum 0ils are presented. Experimental data were obtained using a
four-shell, cyclic-regenerative pilot unit of improved design and with a nominal make
(process) o0il capacity of 30 gallons per nhour. The improved design features include
the use of clean regenerators instead of the conventional superheaters, elimination
of hot valves and substitution of a dual, closed circulation product guench svstam for
the conventional wataer-sealad wash box. These features reduced the depos; ion of
coke and pitch, problems of handling by-products and smoke Zormation. In additien,
the high=-3TU oil gas contained less iner%s than that oroduced in conventional sets.
Complete cperating data were obtained at make (gasification) pressures up to 50 PSIG,
and at carrier gas hydrogen rates of up to 63 SCF per callon of make oil. Resulis in
dicate that the use of process hydrogen permits the groduction, from all 4ypes of cil,
¢f gases of 1,000 3TU per standard cubic foot, and of 0.5 to 0.7 specific graviity with
combustion characteristics approaching those of natural cas. At make pressures up 0
10 PSIG, set capacities were increased by 20 percent Zor low-grade residual oils, and
by mors than 40 percent for premium oils. it 30 to 50 PSIG, maximum make pressure, sat
capacities were not signiZicantly increased by the use of hydrogen/with resicdual cils,
substantial reductions in ceonversion to gas and excessive coke laydown were observed.
However, after light oil removal, the make gases could te completely substituted for
natural gas on critical appliance burners over most of the usual range of adjustzxents.

(GASIFICATION, PRCDUCTION, SNG PRCCESSES)

H78 43001 HYDROGEN STORAGE PREPARATION OF THE HYDRIDE PHASE TizFe Ml-x34'
ANNUAL SUMMARY REPORT, JUNE 1, 1975 - MAY 31, 1976 X

Adkins, C.M., I1XI, (Virginia Univ., Charlottesville, Vi), 135 p., Mar 1977
The Zollowing ceonclusions were reached. A phase forms from Zine grained alloys

in the vicinity of the stoichiometry. Ti,Fe, which indexes as cubic with an 11.30

+~ 0.0l Angstrom cell edge. A phase can Se formed close to the Tl,:e stocichiometry by
addition ¢f a third zlement, and that phase will react with nydroaen. The Zngel-Brewer
correlation successfully predicted the compesiton, TiZX-II-4 which Zormed in the E9
structure. The arplication of the Zngel-8rewer correlation to the FeTi xodel has
suggested that the reaction of hydrogen with FeTi is governed by the effects oi the
interaction of hydrogen with the electronic structure of the alloy.

(COBALT ALLOYS, TITANIUM ALLOYS, PHASE STUDIES)

BE78 43002 METAL HYDRIDES AS FUEL TANKS FOR VEHICLES
Mintz, M.H., Hadari, 2., (Muecl. Res. Cent., Negev., 3Be'2r Sheva, Israel), Isr. J.
Technol., ¥ 14:231-224, N4-3, 18 refs, 1976, EDB~77:144535

Compariscn is made with three other al:iernatives Ior hydrocen storage systems,
frem wnich metal nydrides seem to axhiibit the most convenient preperties. The vrarious
factors inwvolved in <he hvdride selec:ion are analzyed. & minimum hydrogen contant
(W7 zercent ) of §-7 zercent is shcwn to e es;en:;a- in choosing the ac:ro'“"ata

Aviride, which excludes most nmetal-nyirogen svystans, wnsxcer;ng some other fac=tors,
it is consluded that the only ;a;:able systems are certaln nmagnesium-alloy nydrides.
Recent research dene in tais field is reviawed.

{AUTCMOBILES, COMPARATIVE EIVALUATIONS)

£78 42003 METAL HYSRIDES CF TMPROVED HEAT TPANSFER CHARACTERISTICS

———

Ren, M., {Depr. of Materia
"' -

s and Metall. _nq., Stevens Inst. 2f Techncl., Hopoken, NJ).,
Zlaventh Insersccizcy Ine ce

Conversicn 31 ineering Zonferernce, 3ta Line, W, Zent

1
=34
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12-27, 1975, american Inst Chem Zngrs, Mew York, MY, p. 954-960, 16 refs, 19276

The poor ha2at transier response orf a ted of gowdered metal hydride is a consider-
able constraint on the cdesicn of 3 hydrogen storage davice. letal hydrides consolidatad
in a highly zcrous metallic matrix ars shown to have improved heat <-ansfer featuras.
A preliminary evaiuaticn of thermal conduckivity and neat transfer characteristics is
given. The beneficial effects ¢f these materials on the heat transfer of hydrogen
storage devices are discussed for venicle, secondary battery and hydrogen Compressor
applications.

(HYDROGEN STORAGE DEVICE)

E78 43004 PROBLEM OF METALLIC HYDROGEN

Yakovlev, E.N., (Addis Translations Intermational, Portola Valley, CA), (California
Univ., Livermore, Lawrence Livermore Lab, Livermore, CA), p. 66-69, N4, 1975,
N77-80458, In Russian, English translation
Avail:NTIS

No abstract available

(ELECTRON TRANSITIONS, STATIC PRESSURE)
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V.  SAFETY

H78 50001 OVERVIEW OF SURFACE RELATED PROBLEMS IN THE NUCLZIAR SNERGY FIELD

Colmenares, C.A., (California Univ., Livermore, Lawrence Livermore Lab, CA), p. 65,
May 25, 1377, (Contract No. W=-7405-ENG~48)

An extended set of viewgraphs used in a talk on surface-related problems in the
nuclear energy field is assembled in this report. Materials problems in the areas of
fission reactors, hydrogen storage, catalysis, nuclezar weapons, bullets, and nuclear
waste disposal and fuel reprocessing are included. The viewgraphs are reasonably
seli-contained; there is no text.

(HYDROGEN STORAGE) y i

H78 50002 CRYOGENICS SAFETY

Reider, R., (Los Alamos Scientific Lab., NM), National Conference on Campus Safety on the

Univ. of Hawaii Campus, Honolulu, Hawaii, 18 p., June 9, 1977, (Contract No. W=-7405-ENG-36)
The safety hazards associated with handling cryogenic fluids are discussed in

detail. These hazards include pressure buildup when a crvogenic fluid is heated and

tecomes a gas, potential damage to body tissues due tc surfaca contact, toxid risk

frem breathing air altersd by cryogenic fluids, dangers of air solidification, and

hazards of combustible cryogens such as liquified oxycen, hydrogen, or natural gas or

of combustible mixtures. Safe operating orccedures and emergency planning are described.

(HAZARDS, LIQUEFIZD NATURAL 3aS)

H78 52001 POSITRON STUDIZS OF FATIGUE, HYDROGEN EMBRITTLEMENT AND RADIATION DAMAGE
IN METALS

Byrne, J.G., Alexopoulocs, P., Alex, 7., Hadnagy, T.D., Waki, R., (Utah Univ., Salt Lake
City, UT), International Conference on Positron Annihilation, Helsingor, Denmark,
7 p., Aug 23, 1976, (Contract No. E(1ll-1)-2128

Polycrystalline copper was follecwed in both cyclic softening and hardening with
positron lifetime and x-ray particle size measurements. As initially hard copper is »
fatigue cycled, the mean positron lifetime decreases while the x-ray particle size
increases. Similar correlation exists during fatigue hardening of initially sof: .
copper, i.e., the rean positrcn lifetime increases while the x-~ray particle size de-
creases. The trends indicacte a positron response to decreasing dislocation density
during fatigue sofitening and the converse during fatigue hardening. Hydrogen embirttle-
ment effects in AISI 4340 steel and nickel were followed with mean positrzen lifatime.
It appears that the effects are caused by mutual interaction of dislocaticns, protons,
and gositrens. In single crystal copper irradiated at 809K with 4.5-MeV electrons,
about 3 percent cf the defects produced appear =o be divancies and the valance simple
Frenkel cefects. Stage III annealing data suggest that both mono and divancies are
removed and that s stable multivacancy unit exists at temperatures above the stacge
IIT region. These entities could could serve as nucleaticn centers for voids.

(STEELS, AMNEALING, STRAIN HARDENING)

H78 £2002 APPLICATION OF NUCLZEAR REACTIONS FOR QUANTITATIVE HYDROGEN ANALYSIS IN
A VARIETY- OF DIFFERENT MATERAILS PROBLEMS

-Clark, G.J., White, C.W., Allred, D.D., appleton, B.R., Xoch, F.3., (Cak Ridge Naticnal
Lap, T¥), International Ccnference cn Ion 3eam analysis, Washington, DC, 30 p.,
June 27, 1977, (Cocntract YMo. W=-74053-2ZNG-26)

The application of nuclear reacticn technicues to hydrogen analysis problems in
Tetallurzical, mireralscical and semi-conductor areas are described. Hydrcgen analvses
and orofiles obtained with zoth the reactions are zresented. The advantages and dis-
advantages of the “wo +<echniques ar= Jdiscussed. 3oth crystalline and amorphous matarials
are examined. 2arsicular ampnasis will be ziven to interpretative problems associated
with analyzing 4he data. 7Jaricus corracticas tc the data will te discussed, including
off-rasonance oross-seceion correciions and lower anergv rescnance csrractions.  The
aydrogen content oF alactrodepositad nhard gold £ilms has been dezermined 2s 31 Iuncticn

a
gn 2s 3 2tom gercent have s2en Teasuresd.
b 5

of zlating condi<icns., Hvdregen contants 3s Al

The hvdragen ar a nF nmatural and synthetic S'O; amplas was determined. Hvydrocen

was found <5 be cuise stitle i1n amorphous silica Zamples but nichly wobile in crystalline
Juarstz sarples under <he analivsis condizions. A aydrcsen depth srofile for a

2% zlcw and discharge Zeposited amcrzhous silicon faptreximatelv 4500 A thick! nas bsen
Cbtéined and will ze c:mé::ec with a proiile measured -y secondary ion mass svectromensy
"SIMS) on the sarme sancle.

TZCENIZUTS, ELICTICDEPRPCSIT!
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278 52003 STRESS CORROSION CRACXING OF STAINLESS STEZLS. CHOICE OF a STEEL AND
TEST. CASIZ CF A MAGUESIUM CHLORIDE SOLUTION. LIMITS OF VALIDITY

Desestret, A., (Cant. de Rech. d&'Unieux, Ste Creusot-Loire, France), Mater Tech,
Vv §5:259=-272, NS, 7 reZfs, May 1977, In French

Reviewed are threa= main aypotheses which attempt to take into account and describe
in detail the dhenomena of stress corrosion cracking in austenitic stainless steels -
namely, & hyrothesis in which cracking is due to rupture of the passive layer by
mechanical stresses, a hypothesis involving a mechanism of hvérogen embrivtlement of
the metal, and a nypothesis in which cracking is atiriputed to a reduction of surface
energy caused by the absorption of cer%tain icns with unusual properties. In the case
of martensite and austenitic stainless stsels two modes of stress corrosion c¢racking
are distinguished - namely, cracking by hydrogen emprittlem ent, observed mainly on
steels of martensitic structure immersed in an acidic or chlorinated medium; and
so~-called "anodic" cracking, which occurs on austenitic stalnless steels immersed in
chlorinated or basic media. Finally, in the case of Zarrites and austeno-ferritic
stainless steels the rasults of tests in which the retals were immersed in concentrated
solutions of boiling magnesium chloride are presented and evaluated.

(EMBRITTLEMENT)

H78 52004 HYDROGEN EMBIRTTLIMENT OF METALS, VOLUME 2, 1975-1976.
i CITATIONS FROM THE NTIS DATA 3ASE

Smith, M.F., ed., NTISearch, NTIS/PS-77/0004/0ENS, Search period covered ;975 -197s6,
Publ by Natl. Tech. Inf. Serv., Springfield, VA, 106 p., Jan 1977
Avail:NTIS or Eng Index, New York

Results of studies on hydrogen embirttlement relative to mechanical properties,
irradiation, crystal structure and corrosion are citzd. This compilation also covers
testing, hydrogen analysis and diZfusion, welding, exectrcplat-“g, fabrication and
processing with respect to the ductile brittle transition in metals. Reports on nuclear
rector materials, aydrogen storage ecquipment and energy related svstems are included.
This urdated biblicgraphy contains 101 abstracts, 75 cf which are new entries to the
previous edition covering the period 1975 through 1976.

(METALLURGY, ELECTROPLATING)
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